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PREFACR 


In writing this hook the needs of carpenters and joiners 
who are studying the scientific principles of their work 
have been borne in mind throughout. Students who are 
attending classes at Technical Institutes to prepare for the 
examinations of the City and Guilds of London Institute in 
Carpentry and Joinery will find that the following chapters 
have the same aims as their syllabus, inasmuch as they are 
intended to develop an appreciation of general principles 
rather than to encourage empirical methods of work. In 
fact, the educational ideal underlying the syllabus of the 
City and Guilds of TiOnUou Institute has constantly guided 
the author. 

The simplest types of construction have been dealt with 
most fully, and the principles they embody have been 
emphasised continually. Without going into great detail, 
these rules have then been applied to more complicated 
examples ; for a long experience lias convinced the author 
that a student who has grasped the fundamental facts of a 
subject requires a minimum of guidance in more advanced 
work. 

Unusual prominence has been given to the elementary 
parts of geometry, mensuration, and mechanics, because 
students of Carpentry and Joinery constantly begin their 
w^ork withoui this necessary preliminary knowledge. 
Among other special features of the book are the chapters 
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on tools and woodwoi*king machinery as well as the large 
number of pictorial diagrams of details of construction. 

It is hoped that in additiOp to its use by students of 
technical classes the book will be of service to practical 
men in the workshop and to schoolmasters framing courses 
of manual training. 

Summaries are given at the ends of the chapters, and 
ample material for testing the knowledge of the student 
will be found in the questions — chiefly derived from past 
examination papers of the City and Guilds of London 
Institute — which immediately follow the summaries. 

Acknowledgement is gladly made of indebtedness to 
Messrs. William Marples & Sons, Ltd., Shefiicld, and to 
Messrs. Joseph Gleave & Son, Manchester, for permission 
to use illustrations of tools from their catalogues; also 
to Messrs. Thomas Robinson & Sons, Ltd., of Rochdale, 
for all the photographs of wood-working machines which 
illustrate Chapter VI. Thanks are ' gratefully tendered 
to Mr. E. Holden, Principal of the Municipal Technical 
School, Newry, Co. Down, for reading the proofs and 
making many valuable suggestions during the passage of 
the work through the press. 

It is a great pleasure to acknowledge, in conclusion, the 
generous help which has been received, throughout the 
whole period of preparation of the book, from Sir Richard 
Gregory and Mr. A. T. Simmons, B.Sc. Their kindly 
criticism and advice, and the advantage of their wide 
experience have very materially lessened the difficulties of 
the author’s task. 


Rochdalb. 


J. W. RILEY. 
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A MANUAL OF 
CARPENTRY AND JOINERY. 

CHAPTER I. 

TIMBER. 

The Source of Timber* — The wood used bj the carpenter and 
joiner is obtained from the [)lant8 know'n as trees. In tropical 
countries palms and grasses (c.//. bamboo) grow to great size, 
but the stems of those plants arc unsuitable for timber. In 
temperate climates moat forest trees are of a quite different 
type, belonging either to the class which includes the oak, asb, 
beech, birch, etc., or to that known as the conifers, among 
which are the pines and lira. It is such trees alone which yield 
the timber used by wood- workers. 

The Structure of the Stem of the Oak.— If a branch or 
young stem of an oak tree lie cut across, it will be seen to 
consist of (a) a central pith ; (6) layers of wood ; (c) bark, 
consisting of an outer part composed of corky and dead layers, 
and an inner part of bast which can be torn off in shreds ; and 
(r/) a thin layer between the bast and the wood called camliliim 
which, by dividing, forms new layers of wood on its inner side 
and new layers of bast on its outer side. The cambium is most 
active in spring and early summer, and the new wood then 
formed is of open texture. As autumn approaches the activity 
of the cambium decreases, and the wood it forms is close in 
texture and small in amount. In the winter the division of 
the cambium stops altogether, to be renewed in spring by the 
formation of more open-textured wood. The difference in the 
appearance of the autumn wood of one year and the spring 
wood of the next is so marked that it is easy to distinguish the 

« 
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limits of the wood formed in one year. The layer of wood 
formed in one year is called an annual ring. The bast is soft 
and becomes squeezed up under^ the bark so that it is not at all 
conspicuous. 

In such a cross section as that described maj* be seen, stretch* 
ing from the pith to the bark, a number of radial lines of tissue 



Fig. l.-^Sketch showing the appearance of silver grain in a radial 
longitudinal section of Oak. 


which are called medullary nys, A comparison of tuch a trans- 
verse section with wood cut in other directions shows that the 
medullary rays are really thin lath-like plates arranged radially. 
In a radial longitudinal section of the wood (Fig. 1} tlio 





Fio. 2.— Cross section of the trunk of an Oak tree. 

medullary rays show as silvery patches on the surface, giving 
the appearance known as silver grain. In most kinds of wood 
the medullary rays — though really present — are not distinguish- 
able the naked eye ; they are most clearly seen in the oak 
and the beech. In a section of an older oak (Fig. 2) it will be 
seen that the wood consists of two well-marked parts : an inner 
heartwoody dark in colour and hard; and an outer sapfwood, 
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Fio. 3.->Cro8B Beciion of a Larch stem riiowing 
annual rings. 


lighter in colour and of somewhat spongy texture. Their 
difference is explained 
by the fact that the 
heartwood is dead and 
of no use to the tree 
except as a nieclianical 
support ; while the 
sapwood is still ac- 
tively alive and con- 
veying up the trunk 
the water and mineral 
food which the roots 
take up from the 
soil. 

The heartwood, al- 
though dead so far as 
the life of the tree is 
concerned, is the only part of the tree wliich is suitable 
for use for constructional purposes. 

When a tree begins to decay, 
tbe heartwood, being the oldest, 
is naturally the first to suffer. 
Trees cut down before they have 
attained maturity axe likely to 
have an over-abundance of sap- 
wood. 

Sapwood is unsuitable for use 
on account of its soft spongy 
texture, and its liability to 
absorb moisture. 

The Timber of other Trees. 
— ^Although the above descrip- 
tion of the oak applies also, in 
its general features, to other 
timber- producing trees, there 
are many respects in which a 
marked difference is observable. 
In the pines, firs, imd larches 
(Fig. 3), the annual rings lire 
more clearly defined, and the wood is periorated with small 
canals which contain resin (Fig. 4). Compared with oak the 



Flo. 4,— Portion of a four-year-old 
stem of the Pino, cut in winter. 1, 2, 
3, 4, the successive annual rings of the 
wood ; h, bast ; br, bark ; e, cambium ; 
S spring wood; A, rcsiu canals; i, 
junction of wood of successive years ; 

pitli; ms, medullary rays; «, 
autumn ' wood. (Four times natural 
size.) 
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wood of these conifers is open-textured and soft. The difference 
is so constant that these trees are generally called the soft-wood 
trees in contra-distinction to Ixard-wood trees such as oak, ash, 
elm, birch, beech, mahogany, w&lnut, etc. The soft-wood trees 
(the conifers) are easily distinguished by their needle-shaped 
leaves. 

Among the hard-wood trees the oak is pre-eminent for the 
distinctness of its annual rings. In some others, e,g. the box, 
the wood is so close and compactly formed that the separate 
rings are only distinguished with difficulty. Such woods are 
in general heavier and more difficult to work than soft-woods. 

Felling. — Trees vary considerably in their period of growtli, 
and if left to grow after they have attained maturity begin to 
decay. Although, strictly speaking, this fact does not diiectly 
concern the carpenter and joiner — as he generally purchases his 
timber from the merchant — it is desirable to have some idea of 
the age at which trees ought to be cut down in oi^er to obtain 
the beat results. 

It is generally considered that the oak and most hard- wood 
trees are best cut down at an age of from 120 to 200 years. 
Soft-wood trees, ^Buch as the fii*s and pines, are i*eady for 
felling after from 70 to 100 years growth. The proper time of 
the year to cut down a ti^ee is in the early winter, when the 
sap is at rfeat. If the ti’ee is felled during the spring, auiniucr, 
or early autumn, the sap w’hich is then flowing will affect the 
durability of the w’ood. 

Converting. — As an average tree when cut down contains 
from 25 to 40 per cent, of moisture, it should be at once so 
sawn or “converted” that the shrinkage upon drying will not 
split the wood. If the tree is left unsawn the outer layers dry 
first and cause splitting to take place in a radial direction. 
The method of converting depends upon the character of the 
wood, the purpose for which it is to be used, and possibly upon 
the country from which it is obtained. It must be remembered 
that wood shrinks least in the radial direction, that is, in a 
direction at right angles to the annual rings, therefore the 
method of conversion will materially affect the amount of shrink- 
age that takes place. It is also of some importance to know 
that the outer, or bark, side of a plank or board will wear 
better and be less likely to “shell” than the inner, or heart, 
side ; for example, the plank of Fig. 14 will shrink less in 
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width than that of Fig. 13^ while in Fig. 13 it would be 
better to expose the side A" rather than the side 'K. In order 
to obtain the beautiful marking known as silver grain in oak, 
it is necessary to convert the log so that all the saw cuts 
are radial. This result is obtained by first cutting the tree 
into quarterings, that is, sawing by two radial cuts at right 
angles to each other, as shown in Fig. 5. This also allows the 
wood to shrink without the danger of splitting. Other hard- 
woods are sometimes cut in a similar manner. 

Soft-wood trees are generally cut into planks and boards of 
marketable sections. Tlie exact way depends upon the size of 
the tree, but in all cases cai e should be taken not to have the 



Fio. fi. — Method of quartering a log. Fia. 6. — Method of converting 

& soft-wood log. 


pith in the inside of a plank. Fij. 6 shows how such trees 
arc u.sually cut. As uiost of the timber used in this country is 
imported from abroad, the question of conversion seriously 
affects the mode and <'ost of conveyance. It is economical 
to send across the sea the better qualities of material only, 
and to have these in the most compact form for stacking during 
transport. In order to render this possible, large saw-mills 
exist, as near as convenient to the forests wliere tlie trees grow. 
At these saw-mills tlie trees are sawn into the various marketable 
sections, and only the better quality of material is shipped. 

Seasoning. — As previously explained, a large percentage of 
moisture is present in timl)er when the tree is felled. As this 
moisture dries out, the wood contracts. It is therefore necessary 
that the timber be seasoned by exposure to the air for some time 
befpre it can be used satisfactorily for constructional purposes. 

^ U.O.J. A. 3 
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It sliould be clearly understood that in many woods shrinkage 
is more in the direction of the annual rings than in that of their 
thickness ; the thickness of the i^nnual rings and the density of 



Fici. 7. — EiToct of shrinkage upon a log loft unsawn. 


the wood have also a decided influence upon the amount of 
shrinkage that ta^s place during seasoning. Fig. 7 shows the 
effect of leaving tne trunk of a tree unsawn for a long period. 

Fig. 8 shows how each of the 
planks into which a balk is cut 
will be likely to bo afifected by 
seasoning. Figs. 9 and 10 show 
respectively how a quarter of a 
log, and a rectangular piece, 
each cut so that one corner con- 
tains the pith, will be affected 
by being seasoned. 

Tlie best method of seasoning 
wood is to stack it in such a 
manner that the air can cir- 
culate freely all round each 
piece. This is done in a variety of ways according to the avail- 
able space in tbe timber, or storage, yard. The ground used for 
storage purposes should be dry, and free from grass or other 
vegetation. 

A shed with open sides and ends, where the roof is carried on 
pillars, is a particularly suitable place for stacking wood during 
the seasoning process, as the timber is thus protected from the 
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direct rayti of tlie sim and also tbe Tain, while the open 
sides aUow of a firee cdb^lation , 

When space is Ir^ted* a meth^ of st^uddng oRsli 
to, especially with wide boards, is to arrange the bos^cl^ 
zontally over each other with short thin laths, Qidled llddis/’ ' 
across and between the boards. These skids" are placed in 
vortical rows about 3 feet apart, great care being taken to have 



Fio. 0. — Effect of Bhrlnkago ujun I'xu. 10. — Effect of nlirinkage upon 

a quarter uf a logc. a rectaiig'uhu' block. 

them exactly over each other to prevent the lower boards being 
Inmt by the weight of those above. This method is called 
“ skidding.’* Rough wooden frames arc often constructed into 
which the planks and boards are placed on edge at a little 
rlistance apart ; or, where space will allow, the boards are 
arranged on end on perches — ^horizontal timbers, at heights 
to suit the length of boards, supported upon posts across 
which the upper ends of the boards cross each other. The 
object in each case is to expose as much of the surface of the 
board as possible to fi'e.sh air, as well as to enable any 
particuiar piece to be withdrawn easily. Strips of iron or 
wood are often nailed across the ends of wide boards to 
prevent them from splitting. 

This plan is known as natural seasoning, and although it 
requires a considerable time — varying with the thickness and 
nature of the material— it yields the l>est results. 

Timber is considered sufficiently seasoned for carpenter^ 
work when it has lost about one-fifth its weight ; for joineraf 
work a loss of one-third is necessary. Wood used for joiners’ or 
other finished work is much improved by a second seasoning. 
This is effected by allowing the framing, or material, to remain 
in an unfinished state for some time before the work is oona* 
pie ted finally. 
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Hot-air Seasoning or Desiccating. — Hot-air seasoniug is 
effected by stacking the ivood in an artificially heated room 
where the hot air quickly dries otrb the moisture. This method 
has an advantage over natural seasoning in that it can be 
completed in a comparatively short time. The disadvantages 
of its use are : 

(1) it can only be satisfactorily applied to small pieces ; if 
used for large pieces the heat dries the outside before the inside 
is affected, and therefore tends to split the wood ; 

(2) if applied to newly sawn wood it is very liable to cause 
shakes (cracks) in the wood ; 

(3) wood so seasoned is not fit for outside work, as it will be 
affected by varying changes in the atmosphere, absorb moisture, 
swell in damp weather, and contract in hot dry weather ; 

(4) it reduces the strength of the wood and also affects the 
colour of some of the better varieties. 

Water Seasoning. — The sap in wood can quickly be got 
rid of by immersing the wood in a running stn^im of water, 
and afterwards stacking it in the air, where the water which 
has taken the placqj^f the sap is easily dried out. The timber 
being treated in this manner sboiild be immersed completely, 
and should have the end of the wood to the flow, with the 
butt, or lower, end against the stream. This process, like the 
hot air process, has the advantage of being quickly performod, 
but it reduces the elasticity and durability of the wood, and 
also makes it brittle. 

Boiling and Steaming. — Wood Ciin also be seasoned either 
by immersion in boiling water or by exposure to steam. These 
methods can only be adopted on a small scale owing to the 
expense incurred in the operation. 

The trouble and expense involved in the seasoning of wood 
has led to numerous experiments being performed with a view 
of changing the character of the sap, so that it is solidified and 
rendered practically unshrinkable, while at the same time the 
strength of the wood is not affected. These have however, 
as yet, not become extensively applied. 

Defects. — ^The quality of timber is seriously affected by 
accidents to the growing tree. Tliese may be caused by 
lightning, high winds, the unskilful lopping off of branches, 
etc. Knots are the bases of side branches and may be divided 
into two classes, {a) loose or dead knots, which are the remains 
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of decayed, or broken, branches, and (b) good, sound knots. 
Whenever a knot occurs in wood, the grain is thereby diverted 
from the straight, and the resulting timber is called cross- 
grained. If the knot is small and sound it does not affect the 
value of the material seriously unless such is to be used for 
carrying purposes. A super-abundance of knots generally indi- 
cates tliat the wood is obtained from the upper end of the tree. 
Knots cause extra labour in working, are objectionable in 
superior finished work, and are a source of weakness in beams. 

Heart shakes (Fig. 11) are defects that occur in the growing 
tree and are liable to exist in almost every kind of wood. 
They are radiating clefts in the middle of the tree. 




Fio. 11. — Hoart shuke.s. 


Via, 12.- Cup shrikes. 


Star shakes are similar to lieart shakes, and often extend 
almost through the tree. 

Cup shakes are those that follow the path of the annual rings 
(Fig. 12). These .shakes often seriously interfere with the 
amount of material obtainable from the tree during the con- 
version into planks and boards. Their cause is attributed to 
strong winds swaying the tree, to the action of excessive frost 
u])on the moisture present in tlie tree, or to the tree being 
struck by lightning when growing. 

Twisted Hhres are caused by a branch having been cut off 
and its stump covered by subsequent growth. The result is 
tliat the fibres become diverted from the straight. Twisted 
fibres may also be caused by exceptional storms and strong 
winds ^effecting trees in exposed situations. 

Bnudnesi is caused by a branch having been torn off and the 
rain, or frost, Ihus getting into the tree. It is indicated by a 
white or yellowish stain. 
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Doatineas is a speckled staining found in some kinds of bard 
wood. 

Rindgalls are caused by the b^rk, and possibly some of the 
fibres underlying it, being damaged by a blow, or by a branch 
being lopped off. 

Upsets are places where the continuity of the fibre has been 
interfered with by crushing. 

FoxineBS is a disease affecting the timber through overgrowth. 
In this disease the fibres of tlie wood assume a yellow, or 
reddish, colour. 

Wet Rot is a decomposition of the fibres of the wood and may 
take place while the tree is growing. It is induced by the wood 
becoming thoi'oughly saturated w'ith water. It is also often 
found when the timber has been stacked in a damp, or wet, 
situation without air. 

Dry Rot is one of the most troublesome of timber diseases. 
It attacks unseasoned timber in positions where there is not 
a free access of air. The disease is caused by a fungus-growth 
which reduces the fibres of the wood to a powder. Dry rot 
may be prevented!^ almost entirely by taking care to use only 
thoroughly seasoned timber which is entirely free from sap- 
wood, and by providing for an abundance of fresh air, especially 
at the ends. The conditions most favourable to the growth of 
dry rot are found in the lower floors of buildings where a wariu 
and moist atmosphere exists, and wliere the ends of joists are 
built into the walls in such a manner that a free circulation of 
air cannot take place around them, l^ry rot can be recognised 
by the white or brown mushroom-like fungus which covers the 
surface of the attacked wood. At first such timber becomes 
brown in colour, and brittle like charred wood ; at a later stage 
it falls to a powder. Dry rot spreads very rapidly, and will 
travel over briclc or stonework, and even affect plaster. When 
once contracted, this disease is very difficult to exterminate. 

Injury caused by Animals. — Timber is very subject to 
destruction by various mites, ants, etc., especially in certain 
positions. They destroy it by boring their way through the 
wood. This does not affect timber used for carpentry and 
joinery to such an extent as it does that used in shipbuilding, 
dockyard, and harbour constinaction. 

The Teredo navalla, commonly called the tthipworm^ is a worm- 
shaped, greyish-white mollusc, often twelve inches long and 
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faalf-an>incL in diameter, which bores its way through the wood 
and thus destroys it. The ravages made by this animal in many 
dockyards are notorious. It attacks most kinds of woods and 
destroys them quickly. Many attempts have been made with 
varying success to prevent the depredations of these animals ; 
the expedients adopted include coating the piles and other wood- 
work with sheet-copper, driving flat-headed nails close together 
into the timber, saturating the wood with creosote, etc. 

Termites (white ants), and various other organisms also 
attack many kinds of wood and quickly destroy them. As 
wood attacked by these animals is recognised easily by the 
forester or timber merchant, it rarely comes under the notice 
of the wood- worker ; a detailed description of the injury is 
therefore unnecessary here. 

Preservation.- -In order that wood may be durable it must 
be perfectly free from sapwood, shakes, and other defects, have 
been properly seasoned, and be well ventilated. 

Paint is perhaps one of the best preservatives for finished 
woodwork that has to be exposed to the weather, as it not only 
renders the surface impervious to wet and other atmospheric 
influences, but also lends itself to decoration. For inside work, 
painting, varnishing, or polishing Is resorted to, as much for 
cleanliness and decoration, as for preservation. For rough out- 
side work, tarring is often adopted, and is a good substitute for 
painting. 

Timber which is Iniried in the ground — for example, posts for 
hoardings, rail fencings, etc. — may be preserved either by 
taxring or charring the surface of the pait tliat has to be buried. 

Charring consists of burning the whole of the outer surface so 
that it is covered with a layer of charcoal. The charcoal acts as 
a preservative and protects the interior of the timber from 
parasitic growths. It should, however, be understood that 
painting, tarring, or charring will not preserve unseasoned or 
imperfectly seasoned wood. On the contrary, by closing the 
pores it may prevent the escape of the sap from the wood, and 
thus induce a state favourable to decay. 

Creosote oil, a coal tar product, which is a powerful antiseptic, 
is perhaps the most extensively used of all timber preservatives. 
It is forced into the pores of the wood under pressure after the 
sap has been removed by previous seasoning. The process is 
briefly as follows : The seasoned timber is placed in a wrought 
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iron cylinder connected with an air pump. The air pump is 
worked until the pressure inside the cylinder is from one-sixth 
to one-eighth that of the outside air. By this means the air 
is almost entirely withdrawn from the pores of the wood. 
Creosote oil, at a temperature of about 110" R, is then admitted 
into the cylinder and is sucked up by the air-exhausted pores of 
the wood. After the timber has taken up as much oil as it can 
under these conditions, more creosote is f()rced into the cylinder 
at a pressure of fi*om 8 to 10 atmoaplieres. The timber is thus 
made to take up more oil, and the process is continued until the 
pores of the wood are impregnated thoroughly with the pre- 
servative. In this way some of the softer woods may be made 
to absorb 10 lbs. of creosote oil per cubic foot. Ci-eosoto is the 
best known preservative against the attack of destructive 
organisms. Its more general use as a preseiwative is prevented 
by the obnoxious smell which the timber permanently retains. 

Other preservatives, which consist of chemicals dissolved in 
water, have been used to a limited extent for saturating the 
timber, but have been found either very costly, of poisonous 
character, or liaVle to affect the strength or colour of the 
timber, and have therefore not become adopted generally. 
Among these chemical methods are ; 

Kyaa's process, which consists of impregnating the timber 
with a solution in which 1 lb. of corrosive sublimate (bichloride 
of mercury) is dissolved in 10 gallons of water ; 

Burnett's process, in which zinc chloride, in the proportion of 
1 lb. to 4 gallons of water, is forced by pressure into the pores 
of the wood ; 

Bouchezie's system, where 1 lb. of copper sulphate dissolved in 
about 12 gallons of water is used as the preservative, and is 
forced into the timber. 

The Noden-Bretenneau prooess of Electric seasonlngr is a recent 
invention for seasoning and preserving timber for which much 
is claimed. It consists of replacing the sap in the pores of the 
wood by solid matter, which is insoluble and aseptic. The wood 
is placed in a vat containing the solution, and a sheet of lead 
connected to the positive pole of a dynamo is placed under it, 
a second sheet of lead connected to the negative pole is placed 
in a shallow wooden tray on the top of the material being 
treated. By electro-capiUary attraction the sap is drawn out 
and rises to the surface, being replaced by the preserving 
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solution. The process takes from five to eight hours, after 
which a fortnight’s seasoning in good weather renders the 
wood fit for use. 

Qualities of Good Timber. — From the foregoing considera- 
tions it will be seen that defects and diseases are very prevalent 
in timber ; it must be borne in mind also that tiie quality and 
durability depend largely upon the nature of the soil in which 
the tree grows, the treatment of the tiee during growth, the 
method of conversion, the care taken to effect proper seasoning, 
and the method of preservation. 

For constructional purposes wood should be straight-grained, 
free from large, loose, or dead knots, and from sapwood^ The 
annual rings should be of even thickness ; the closer they are 
together the stronger is the timber ; 
and afi a rule the darker the colour 
of naturally-coloured woods, the 
better. The timber should be 
sweet-smelling, and when planed 
it should have a firm, bnght, silky y 
iustre. A disagreeable smell, a 
woolly surface, or a chalky appear- 
ance, indicates decay. The timber 
should be a good conductor of 
sound and, however long the piece, 13 Pm 

the ticking of a watch, or the 

scratching of one end, should be distinctly heard by anyone 
listening at the other end. When \ised for framing, less danger 
of shrinkage, and better results in other respects, are obtained, 
if all the pieces are cut so that their width is j)erpeDdicular to 
the annual rings, with the heart edge inwards. When possible 
a second seasoning after framing before finally finishing off the 
work should take place. 

For carrying purposes, a beam which has the annual rings 
vei’tical when in position (Fig. 13) ’is stronger than when the 
annual rings are horizontal as shown in Fig. 14, in the propor- 
tion of about 8 to 7. Floor boards shrink less and wear longer 
when cut with the annual rings at right angles to the exposed 
surface ; if they are to be cut with the rings parallel to the 
surface they should, to prevent shelling, have the heart side 
down when j^aced in position. 

Varieties of Timber. — Most of the timber used in this country 
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ifi imported. As previously mentioned, it is classed as ^‘soft* 
wood" and hard- wood.” For carpenters’ and joiners’ work the 
soft-woods are extensively used, ll^oth on account of their abund- 
ance, their small cost as compared with many hard- woods, and 
the ease with which they can be worked. Hard- woods are, 
however, employed where strength is necessaiy, or where a 
superior finish is desirable. The soft-woods in most general 
use are rtd deal, white deal, yellow pine, and pitch pine. 

Bed Beal, Yellow Deal, Bed or Yellow Fir, Northern 
Fine, and Scotch Fir are different names given to the wood 
obtained from the same species of tree (Finns sylvestris). As 
a very large quantity of this timber is exported from the ports 
on the Baltic Sea it is often described as Baltic fir. It is the 
product of one of the conifei's which flourishes best in exposed 
mountainous districts in a dry sandy soil. The annual rings are 
very distinctly marked, and vary in thickness fro\p J to of 
an inch. The wood varies considerably both in texture and 
appearance, the closer-grained wood being very even and of a 
yellowish colour, while the more quickly grown timber, with 
coarse annual ring^ yields a wood which is rich in resin and of a 
reddish colour. This resinous character renders it very durable, 
especially for outside work. The sap-wood, which varies much 
in quantity, is of a bluish-colour; while the knots are of a 
hard transparent nature. 

Red Deal is one of the strongest and most durable of soft- 
woods, the best qualities comparing favourably with many 
hard-woods. It is one of the most extensively used of soft- 
woods for outside work, beams for carrying purposes, floor 
and roof timbers, etc., and weighs when dry from 32 to 35 lbs. 
per cub. foot. 

Jt grows in abundance in Russia. Poland, Norway, Swedon, 
and Scotland. The best qualities are obtained from Leningrad, 
Onega, Ghlaiisk, Archangel, Oavle, and S5derhanm. 

White Deal or Spruce is the wood of the spruce fir (Fkda 
excelsa). In appearance it is of a brownish- white colour, with 
annual rings fairly distinct. It is inferior in strength to red 
deal It is more liable to shrink and warp during seasoning, 
and toe poorer qualities contain hard glassy knots which 
increase the difiBculty of working it. The sapwood is scarcely 
distinguishable from the heartwood. It is used for scaffold 
poles and planks for temporary constructional work, and being 
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eheap as compared with most other woods, it is used in many 
parts of the country for such work in buildings as door joists, 
roof timbers, floor boards, etc. It is also in much demand 
for packing cases, telegraph poles, fencing, etc. It weighs from 
30 to 35 lbs. per cub. foot when dry. 

It is obtained from Russia, Norway, Sweden, and North 
America. The best qualities are shipped from Onega, Leningrad, 
Riga, and Oslo. 

Yellow Pine {Pinus strohwt) is an American timber. It is 
known in Amenca as the white pine. It is very soft, of 
uniform texture, of a boney-yellow, or straw, colour, and is 
easily worked. The annual rings are not so distinct as those 
of the red or white deal, and the sapwood is distinguished easily 
by its bluish colour. The wood is fairly durable in dry situa- 
tions, but very liable to dry rot when used in damp imventilated 
positions. It is used extensively for internal joiners^work, for 
pattern-making, and by the cabinet-maker for the cheaper kinds 
of furniture. 

Yellow pine is not so strong as red deal, nor does it warp like 
white deal. Its weight when dry is from 24 to 28 lbs. p)ei- cub. 
foot. It grows in North America and in Canada. Some of the 
best yellow pine is shipped at Quebec. 

Pitch Pine is a beavy resinous timber which grows in the 
Southern part of North Ainericii. There are several trees the 
wood of which receives this name, among which are the long- 
leafed pine {P, palustris or P. Ati8fralis)y the short-leaved pine 
(P. echinata or P, mitu\ the lobhdly pine (P. taeda) and the 
Cuban pine (P. Cubensis). Although each of thcKie trees diflers 
in some of its characteristics from the others, the w'ood from 
them is scarcely distinguishable, and the result is that it is mixed 
indiscriminately, and classed in this country as pitch pine. 

Pitch pine is noted for its straight grain, freedom from lai'ge 
loose knots, and for the large amount of resin it contains. It 
may be described as of resinous ap^mrance. The annual rings 
are very distinct and regular, while the sap-wood, being of a 
bluish colour, is easily distinguishable from the heart- wood. 

Pitch pine is chiefly imported into this country in the balk, 
and being obtainable in large sizes — up to 70 feet in length and 
20 inches square in section — ^it is in much demand for heavy 
beams for engineering structures, heavy scaffolding, gantries, 
shoring and strutting, for roof trusses, wooden girders, and the 
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heavy beams of carpenters’ work geneiullj. It is also used for 
the finished woodwork of such public buildings as schools, 
churches, etc., where the resinoi^ appearance and gi*ain of the 
wood lend themselves to varnishing instead of painting. Some 
of the trees yield a wood that has a wavy, or curly, grain. This 
wood, which has a beautiful appearance, is much sought after 
for panels and other decorative work. 

Pitch pine weighs from 38 to 44 lbs. per cub. foot when 
dry. The chief ports from which it is shipped are Pensacola, 
Savannah, and Darien. 

Oanadiapii Bed Pine is the product of a tree {Pimts resinosa) 
which grows in North America and Canada. In a]>pearance 
this wood is similar to the lighter kinds of pitch pine, and is 
often substituted for it. Ft compares favourably with red deal, 
the best quality being very clean and free from defects. It is 
not in great demand in this country. 

Oregon Pine, known as the Douglas pine, is the product of 
one of the largest of the American pines, or, to be more correct, 
fir trees {Pseudotsuga Douglasii). It is found in the Western 
part of N. America. This wood is of a reddish-white colo\ir, 
fairly strong, straight grained, of quick growth, and can be 
obtained of very large sixe. It is sometimes used as a substitute 
for red deal or yellow pine in buildings. 

Sequoia or Californian Redwood is an American timber 
obtained from a tree {Sequoia senipenrirens) which often grows to 
a height of 400 feet, and a diameter varying from 12 to 30 feet. 
The wood is of a dark brownish-red colour, with coarse annual 
rings, and is liable to l>e brittle and lacking in strength. It is 
obtainable in very large pieces, but is not mucli used in the 
construction of buildings. 

Larch {Larix Europaea) is a native of the European Alps, and 
also grows abundantly in Russia and Siberia. It is a light, 
tough, coarse-grained wood (Fig. 3), red or yellowish-white 
in colour, and has an excessive tendency to shrink and warp. 
Its coarse grain and warping tendencies prevent its general 
use for finished work of importance. It can be u.sed with 
advantage for scaffolding poles, rough boarding, piles, etc. 

Hard Woods. Oak. — Many different varieties of oak grow 
both in this and in other countries. Quercus rohur pedunculata 
(the common oak) and Quercua roJmr semliflora are the two 
varieties most common in the British Isles. 
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British oak is regarded as one of the strongest and most 
durable of woods. It is generally taken as the standard when 
comparisons are made with other woods. It is tough, hard, 
strong and very elastic, the grain is of even texture, and it 
contains a powerful acid which rapidly corrodes ii'on fastenings, 
and leaves a blue stain in the wood. British oak is of a light- 
brown colour, and when cut in a plane perpendicular to the 
annual rings shows silvery patches (silver grain). 

It is used for all kinds of engineering structures, by ship- 
buildei's, wheelwrights, coach-builders and coopers ; cabinet- 
makers consider it one of their most valuable woods, while the 
builder uses it where great strength and durability are required, 
as well as in important buildings for decorative work, where 
advantage is taken of the beautiful marking of the silver grain. 

American oak, many varieties of which exist, is not so strong, 
nor so hard as the British oak. It has a coarse grain, is of a 
reddish-brown colour, and is much used as a substitute for 
British oak. 

The oak also grows in Russia, Norw^ay, and other European 
countries, and is imported into this country in the log or balk. 
Each kind has its peculiar characteristic, distinguishable only 
by the expert, and as the supply of British oak is not equal to 
the demand, foreign oak, being more plentiful and consequenMy 
cheaper, is often substituted. Oak weighs from 45 to 60 lbs. 
per cub. foot when dry. 

Teak (TectoTia grandis) is fouml in Central and Southern 
India. It is a heavy, strong, straight- grained wood containing 
an aromatic resinous oil which tends to preserve iron fastenings 
and also acts as a preservative against worms, ants, etc. It is 
a very durable wood, of a greenish-brown colour, not so liable 
to shrink and warp as some vroods, and is suitable for use in 
floors which are subject to heavy traffle, in tre^ids of stairs, 
wooden sills, and where great strength is required. It is much 
used by the ship builder and for railway stock. 

Makogany (Mahogani swietenid) is obtained from Central 
America and from Cuba, and other West Indian islands. 
Mahogany may be divided into two classes : 

(1) Bpanish, or Cuba, Mahogany is hard, compact, of even 
texture, of a reddish-brown colour, with chalk-like lines showing 
on the surface. It often shows a beautifully marked grain, it is 
not liable to twist, and is capable of being wrought to a highly 
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finished surface which polishes readily, and thus shows the 
grain to great advantage. 

This wood is used for the best Mass of superior joiners’-work, 
hand-rails for staircases, etc., and is also much in demand by 
the cabinet-maker. 

(2) Honduras or Bay Mahogany, obtained from Central America, 
has some of the characteristics of the former variety. It is, 
however, much softer, more easily worked, and is not so rich in 
colour, nor does it possess the beautiful grain of Spanish 
mahogany. It is much used as a cheaper substitute for that 
wood. 

Walnut {Juglam regia) grows in Southern Europe, in Asia, 
America, and also in this country. It is a hai-d wood, brown in 
colour, close grained, has a beautiful figure, and when wrought 
will take a fine polish. The best kind comes from Italy. It 
is used in superior joiners’-work and also for furnitffre. 

Many other kinds of timber are used to a limited extent for 
special purposes by the carpenter and joiner. A detailed 
description of the^ is beyond the scope of this book. The 
following, however, call for casual reference : 

Ash is a light-coloured wxiod with annual rings very distinct, 
and is noted for its elasticity and its toughness. It is used by 
the coachbuilder, the wheelwright, the cabinet maker, and for 
agricultural implements. 

Beech is of hard, even grain, of a reddish colour, and is used 
for furniture, wood- turning, and by wood-working toolmakers. 

Birch is very hard, liable to excessive shrinkage and warping, 
it makes good flooring for heavy wear, and is much used by the 
cabinet-maker and w^ood-turner. 

Chestnut being of a brownish colour resembles oak, excepting 
that it has no visible medullary rays. It is used for piles, and 
occasionally as a substitute for oak. 

Elm is a coarse-grained wood which is very durable in damp 
situations. 

Maple has a clean, white, satin-like appearance, with a hard 
close grain which is not liable to splinter. It is a very suitable 
wood for superior flooring. 

Byosmore, which is allied to the maple, has a close compact 
grain, with a clean appearance, and is used by the wood-turner 
for domestic requirements, and also in the fittings of butchers’ 
shops by reason of its clean appearance. 
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The ash, beech, birch, chestnut, elro, maple and sycamore are 
all trees that grow in a temperate climate, and are consequently 
found in this country, most European countries, and in America. 

Canary Wood. — ^There are two or three kinds of wood which 
are indiscriminately mixed and known as canary wood : 
Amet'ican white wood, bass wood, and tulip- tree wood. All 
kinds grow in America, are of a light yellowish-green colour, 
not very hard, easily worked, and can be obtained in large size. 
Canary wood is often used for panels, and also for furniture. 

Greenlieart is obtained from Sotith America and the West 
Indies. It is of dark greenish colour, heavy, even-grained, and 
of oily nature. It is used for heavy engineering work, piles, 
dock gates, bridge construction, etc. 

Jarrah wood is obtained from Western Australia, and has a 
reddish-brown appearance very much like mahogany. Being a 
very hard, close-grained wood, it is used for heavy engineering 
work, for piles, for street paving, and the best qualities for 
furniture. 

Rosewood is obtiiincd from Southern India and Brazil. It is 
of a rich dark colour, hard and even texture, and possesses a 
beautiful grain. It is capable of a high polish, and is used by 
the cabinet-maker and occasionally for superior joiners’- work. 

Summary. 

Trees used for timber are classified m : 

(a) Hard wood, e.g. oak, ash, beech, hircli, mahogany, walnut, 
etc. ; usually have broad leaves ; noii-rcsinous. 

{b) Soft wood, e,g, red deal, white deal, yellow pine, pitch pine, 
etc. ; markedly resinous ; leaves needle shaped. 

The wood of timber consists of concentric bands called annual 
rings : each ring represents a year’s growth. 

The meduUaiy rays are radial strips of tissue reaching from the 
pith to the bark. In some tree they not easily seen. 

Trees should bo cut down in the early winter, and should be so 
oonvttrted into quartering or planks that the shrinkage during 
seasoning will be uniform. 

Seasoning is the process of drying to wdiich wood is subjected to 
make it fit for use. The commonest methods are ** natural season- 
ing and hot-air seasoning. 

The principal defects of timber are due to mechanioed shakes, various 
diseases set up by fUngl, and injury by insects and other a aim a l a 
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Timber is preserved by painting, charring, and various methods 
of chemical treatment. 

Ctood timber is free from disease), shakes, dead knots, and sap- 
urood, and should bo straight grained. The smell and the power of 
conducting sound are valuable tests. The suitability for vai-ious 
purposes is affected by the maiinc^r of sawing the log. 

Most of the timber used in this country is Imported. 

Tlic soft woods most cominoiily used are obtained from the {>ines 
And firs, amongst wliich are red or yellow deal, white deal or si>rucc, 
yellow pine, and pitch pine. 

.The bard woods used include oak, ttsak, mahogany, walnut, ash, 
bcce'b, birch, elm, sycamore, etc. 


Questions on Chapter 1. 


1. Desicribe the motluKl of growth of the wood of some common 
tree*. What is the cause of the formatiou of annual riii|^s? 

2. Ilr.iw 'a cros.s section through the trunk of an oak tr-ee, about 
40 ycai*8 olrl, naming tlio various parts shown. Describe the) 
appearance of ‘ a radial longituclinal section of the saimo tree trunk, 
and explain the caupie of the marking known as “ silver grain.” 

3. What is the" difference In'twecsn heart wood arul sap wood? How 
is the difference priKluced, and how docs it affect the value of the wood ? 

4. At what time of the year is it best to out down trees, and 
why? What is meant by “ converting,” what is its object, and how 
is it carried out in {a) oak ; {h) white deal? 

5. Why should ti in liCsr bo seasoned? What cfl’eet has seasoning 
upon its weight and si/a- ? What will be the result if unseasoned 
timber is used in (a) carpt'n tens’ ; {b) joiners’ work ? 

6. Descrilio tlie cliief nietluxls of seasoning timber, and compare 
their advantages. 

7. What are the chief defetits to lie found in timber, and bow arc 
they produced ? 

8. Describe the diflFerciico lictw'ccn dry rot and wef. rot. State 
how these diseases originate, and how they may best Ik> combated. 

9. Describe the various methiKls of preserving timber. 

10. Enumerate the chief points to be looked for in the selection of 


timber of good quality. 

11. Give a description of the following soft woods : white deal, itid 
or yellow deal, yellow pine, pitch pine. State the distinguishing 
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PLANE OEOMETB7. 

A STUDENT can neither prepare nor propei'iy understand the 
working drawings necessary before the varied work of Carpentry 
and Joinery can be successfully undertaken, unless he hiis some 
ureliminary knowledge of Practical Geometry. As it is unlikely 
that this preliminary knowledge is possessed by all readers of 
this book, it will be necessary at the outset to deal briefly with 
some of the more essential principles of the subject. 

The student is, however, strongly recommended to make a 
systematic study of Practical, Plane, and Solid Geometry, as the 
space here available is insufficient for more than a consideration 
of a few fundamental prii ciples. 

Drawing Instruments, —The student will i-equire a drawing- 
board, Teo-square, set squares, dividers, compasses, pencils, 
india-rubber, etc. For ordinary class w^ork the drawing-board 
(preferably of yellow pine) may conveniently be 23" long and 
16" wide. It will then be suitable for use with half an imperial 
sheet of drawing paper. The Tee-square, which may have either 
a tapering or parallel blade, should 1x5 slightly longer than the 
board. To allow the set square to slide over the stock of the 
Tee-square, it is better to have the blade screwed on to the 
stock rather than let in flush. Two set squares, one with 
angles of 90, 60, and 30 degrees, and the other with angles 
of 90, 45, and 45 degrees are required. These may be of hard- 
w'ood, but are better of celluloid. The accuracy and ease with 
which drawings can be made depends largely upon the quality 
of the instruments used. Inexperienced students would do 
well, therefoi^, to seek advice Ijefore purchasing such instru- 
ments as compasses, dividers, etc., as many cheap but almost 
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Chisdpoint^ 


Fio. 15. 


Fia. 16. 


Fig. 17 


worthless sets are put upon the market. HB pencils are used 
for taking notes, but harder pencils are necessary for drawing ; 

> H or HH are the most 
suitable. Olieap pencils 
of poor quality should 
not be used. The method 
of sharpening pencils de- 
serves attention. Figs. 
15 and 16 show a pencil 
sharpened with a chisel 
point. A point formed 
in this manner will last 
longer, when used for 
drawing, than the rounded 
pencil -point shown in 
Fig. 17. ^ 

Measurement of 
Length. — In this country 
linear measurements are usually made in yards, feet, inches, 
and fractions of aih inch. The usual sub-divisions of the inch 
are eighths, tenths, and twelfths. The sub-divisions of the 
inch generally employed by carpenters and joiners ai'e j)ower8 
of two, giving i", J", J", etc. In geometry, however, the sub- 
divisions are often given in decimals, and the inch is then 
divided into tenths. 

In many continental countries the metric system is adopted. 
The unit of measurement in the metric system is the metre, 
equal to 39'37 English inches. This is divided into 10 deci- 
metres ; the decimetre is divided into 10 centimetres; and the 
centimetre is divided into 10 millimetres. 

Measurement of Angles. — Definition. An angle is the incli- 
nation of two lines which meet at a point in a plane. An angle 
may, in familiar language, be said to be “ the size of the corner.” 
It ought to be noticed that an angle does not in any sense 
depend on the length of the lines ** containing ” it. If two lines 
AB and CB meet at the point B (Fig. 18) the angle contained by 
AB and CB is referred to as “the angle ABC.^ If two straight 
lines be drawn to cross each other so that the four resulting 
angles are equal (Fig. 19), the lines are said to be perpendicular^ 

1 In ordinary work it will generally be found convenient to draw perpen- 
dicular lines with the aid of Tee and set squares. 
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to each other and the angles are light angles. A right angle is 
divided into 90 equal parts which are called degrees (written ®). 




It follows that the sum of all angles which meet at a point in a 
plane {i.e, in a flat surface) is 4 x 90“== 300“. 

Several methods are adopted for measuring angles, but possibly 
the easiest and the most common is by means of the protractor. 



Fig. 20 shows a rectangular protractor with the main divisions 
indicated thereon. 

PBELIMINABT DEFINITIONS. 

Paxallel lines are everywhere the same distance apart, and 
therefore never meet however far they are produced. 

An acute angle is one which is . 
smaller than a right angle (Fig. 1 8). \ 

An obtuse angle is one that is \ c. 

greater than a right angle (Fig. 21). \ 

A circle is plane figure contained \ Obtuse ano' 
by one curved line which is called \ second 

the oiroi^erence ; the line is such Fio. angle 
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that all points in it are equidistant from a point within the 
circle called the centre (Fig. 22). 

The radius cf a circle is a straight line drawn from the 
centre to the circumference. It follows from the definition 



of the circle that all radii of the same circle are equal 
in length. 

A diameter of a circle is a straight line passing through 
the centre and terminated at both ends by the circumference : 
it is equal in length to twice the radius. 
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All arc of a circle is part of the circumference of a circle 
(Fig. 23). 

A chord is a straight line joining any two points in the circum- 
ference of a circle (Fig. 24). 

A segment (Fig. 24) is a portion of a circle contained by any 
arc and the chord between the extremities of the arc. If the 
chord is a diameter the arc is half the circumference, and the 
segment is called a semlidrdle (Fig. 25). 
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A Motor is a portion of a circle contained by any two radii 
and the arc between their outer ends (Fig. 26). 

A tangent is a straight line touching, 
but not cutting, the circumference of 
a circle (Fig. 22). It is always at right 
angles to the radius drawn to the point 
of contact. 

Concentric circles are circles having 
the same centre (Fig. 27). Their cir- 
cumferences are therefore parallel to 
each other. The periphery of a circle 
is the length of the circumference. Kio. ar 

SIMPLE EXERCISES INVOLVING THE USE OF 
STRAIGHT LINE, ANGLES, AND CIRCLES. 

FiX AMPLE 1 . — To bisect a gheii straight line^ {,€, to divide it 
into tivo equal parts. 

Let AH (Fig. 28) be the given straight line. Take a pair of 
compasses and w^ith centre A {Le, placing the steel point on the 

point A) and radius greater 
than one half AB (/’.«. 
separating the legs of the 
compasses to any distance 
greater than one half oi 
B draw the arc CD. 

With the same radius (that 
is, keeping the compasses 
open to the same extent) 
and with centre draw 
the arc EF intersecting the 
arc CD at the points O and 
IL Join GH {Le. draw a 
straight line from Q to H), The point K where the line QHqxAa 
AB bisects AB (t.c. divides it into two equal parts). The line 
GH is perpendicular to the line A /i, that is at right angles to it. 

Example 2,— Tb divide a given straight Htm into any number 
Of equal part^isay 5), 

Take any straight line AB (Fig. 29) ; from A draw a second 
straight line AC, of indefinite length, making an acute angle 
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with AB, Along AC mark off 5 equal parts and number them. 
Join the point 5 to the point By and through the points 1, 2, 3, 4, 

> — by means of the set 
squares - draw lines par- 
allel hB, These parallel 
line^ divide AB into the 
required number (6) of 
equal parts. The divisions 
of the inclined line should 
be such that the parallel 
lines are nearly at right 
angles to the given line. 

ExAMT'TiK 3 . — To draw 
a circle which shall pass 
through three given points not in the same straight line. 

Let Ay B and C (Fig. 30) be the given points. JoiR AD and 
BC. Bisect AB and BC as in Example 1 by straight lines 



at right angles to AB and BC respectively. The point of 
intersection, U, of the bisectors is the centre of the required 
circle. 

Example 4. — To bisect a given angle. 

Let ABC (Fig. 31) be the given angle. With B as centre 
and any radius describe an arc cutting BA and BC in the points 
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B and E respectively. With centres /> and E and any — the 
same — radius, describe arcs intersecting at 6. The straight line 
BQ bisects tlie angle 
ABC^ the angle ABG 
being equal to the angle 
CBG, 

Example 5.— To draw 
a perpendicular to a 
given straight lineyfrom ** 
a given point in the line. 

Let AB (Fig. 32) be 
the given line and G 
the given point. With 
centre C and any radius 
describe arcs intersect- 
ing AB \ii D and K. With 1) and E respectively as centres 
and any radius greater than CD draw arcs intersecting at F, 
The straight line FC is perpendicular to AB, 



Fio.81. 



Fid. 32. Fro- «»• 


Example 6. — To draw a perpendicular to a given straight linif 
from a given point outside the line. 

Let AB (Fig. 33) be the given straight line and Cthe given 
point. With centre C and any radius greater than the perpen- 
dicular diiilance from C to draw the arcs intei*secting AB 
at D and E, With Z) and ^as centres, and with any— the same 
—radius draw intersecting at F, The straight line CF\» 
perpendicular to AB, 
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TBIANQLES. 

A triangle is a plane figure having; three sides. Triangles are 
named according to tlieir sliape. Tm sum of the angles in any 
triangle is always equal to two right angles (180”). A triangle 
may therefore have three acute angles (Fig. 34), but it can only 



Equilateral Isosceles Right Angled 


Fio. 34. PiQ. 35. Fm. 3ti. 

contain one right angle, or one obtuse angle (jis an obtuse 
angle is greater than a right angle). An equilateral tT’iangle i.s 
one that has all its sides of equal length, and all its angles equal 



Obtuse An3led 

Fia 37. Fia. 38. 


An isosceles triangle is one that has two sides of equal length. 
A scalene triangle has three sides of unequal lengtli. 

Figs. 34 to 38 show these different kinds of triangles with the 
name of each appended. 

Example 1. — To construct a?i equilateral triangle of given side. 

Z p Let AB (Fig. 39) be the given 

^ side. With A as centre and A B as 

V radius draw an arc of a circle. With 

\ i? as centre and the same radius draw 

\ a second arc intersecting the first at 

\ C. Join AC and BC, ABC is the 

\ required triangle. It will be found 

\ g by ineasuremeiit that each angle of 
^ Fia. 80 an equilateral triangle equals 60"*. 
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Example 2. — To construct a triangle whose sides are in the 
proportion of 3, 4, 5. 

Let the line AD (Fig. 40) have a length of 3+4+6 = 12 
units. Divide A B in the required proportions as sh<iwn. With 
C as centre and radius equal to CA (3 units) draw jbh© arc AE, 



With 1) as centre and DB (5 units) as radius, draw BE inter- 
secting at E. Join CE and DE, CDE is the required 
triangle. 

The solution of many ex?»mples in the construction of tri- 
angles is simplified by a knowledge of the fact that all the 
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angles opposite the chord of the same segm£nt of a cirde are of 
egvxd magnitude. For example, in a seinicircle (Fig. 41) the 
angle contained by any two lines drawn from A and B to any 
point in the arc is a right angle. When the segment is smaller 
than a semicircle (Fig. 42), all the angles contained by any 
two lines drawi^ , from the extremities of the cliord .to any point 
in the arc are obtuse angles {oy a), and are of equal magnitude. 
If the segment is greater than a semicircle, the apex-angle 
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(the one opposite the chord) is an cumte angle (Fig. 43, a, a, a), 
all the angles of the same segment being equal. 



Flo. 43. Fio. 44. 


Example 3. — To construct a right-angled tsoscelei^ triangle 
having a given length of hypotenuse (the side (tpposite the right 
angle). 

Let AB (Fig. 44) be the given hypotenuse. On the ^ne AB 
construct a semicircle. Then the angle contained by any two 
lines drawn from A and iff to a point in this semicircle will be a 
right angle. As an isosceles triangle is in this case required, it 
will be necessary to er^t a perpendicular line passing through 
the centre C of the semicircle and intersecting the arc at D. 
Join and 1)B. ADB is the required triangle, for J/> is 
equal to BI) and the angle A DB is in a semicircle and thoi efore 
equals 00 degrees. 

Example A.— On a given Ixise to construct an isosceles triangle 
having a vertical angle of 70®. 

Let AB (Fig 45) be the given base. Draw CD perpendicular 
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to and bisecting AB, From A 
di-aw a line making with AB 
an angle of 90° minus the apex 
angle-~^.e. 90" - 70' - 20“. The 
intersection of this line with CD 
gives the centre 0, With OA as 
radius complete the segment of 
the circle. Join AD and BD, 
ABD is the required triangle. 

Example 5. — To construct a 
triangle containing an angle of 


110* and having its two lemger sides in the proportion of 4 and 3. 


First, determine the segment of a circle which will con- 


tain an angle of 110*. Let AB (Fig. 46) be the longest 
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side of the triangle. From A dittw AO (below AB) making 
an angle with AB of 110* - 90® — 20" (the difference between 
the required angle and a 
right angle). The centre 0 
of the segment is the point 
where this line intei'sects 
the bisector CD of the line 
AB. Then any two lines ^ 
drawn from A an%i B to any 
point in the arc w'ill cer- 
tain the required angle 110®. 

Next divide A B into 4 equal 
parts. With A as centre and Al^ as radius draw the inter- 
secting arc 3Zi* Join AE and BE. ABE is the required 
triangle, since x\E is to AB as 3 is to 4, and the angle AEB 
equals 110®. 

ExAMPiiR fi.-- At a ifiven point m a given straight Une^ to draw 
an angle equal to a given angle. 

Let MON (Fig. 47) be the given angle, and A the given 
point on thedine AB. On AB with A as centre make 6* equal 




to OM. With A as centre and ON as radius draw an arc /). 
With G as centre and radius MN draw the arc intersecting at 
D. Join AD. Then the angle GAD is equal to MON and is 
therefore the required angle. 
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Example 7. — Given an arc of a eireU^ the centre of vMch is 
inaccemhlcj to continue the cwrvje> 

Take any three points A, C^in the given arc and join AB^ 
BC, From any point A' draw the chord A'B' equal to AB and 



from B' draw BV such that the angle A'BC is equal to the 
angle ABC and B'C equal to BC. U is a further^point in the 
curve. Obtain other points in the same manner and join them 
by an even curve. 

Ql^ADBILATESAL FiaUBES. 

A quadrilateral figure is one which is contained by four 
straight lines. The straight lines joining opposite angles of a 
quadrilateral figure are called diagonals. Figs. 49 to 54 show 
difierent quadrilateral figures with their names appended. 



Fjo. 49. Fio. 50. Fio. 51. 

The sum of the angles of any quadrilateral figure is always 
equal to four right angles. 

A parallelogram is a quadrilateral figure which has t^o 
pairs of parallel sides. 

A rectangular figure is one having all its angles right angles. 
The two diagonals of any rectangular figure are always equal in 
length. 
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A square (Fig. 49) has all its sides of equal length and all its 
angles equal (right angles). 

A rectangle or oblong (Fig. 50^ has the opposite sides of 
equal length, and contains four right angles. 

A rhombus (Fig. 51) has all the sides of equal length, but 
the angles are not right angles. It may be described familiarly 
as a square pushed out of shape. 

Rhomboid Trapezoid Trapezium 

Fus. 53. Fio, 53. FiO. 54. 



A rhomboid (Fig. 52) has the opposite sides of equal length 
but its angles are not right angles. 

A trapezoid (Fig. 53) has two sides parallel but of different 
lengths 

A trapezium (Fig. 54) has none of its sides parallel. 

In all quadrilateral figures except the square and the 
rectangle it is necessary to know either the lengths of the 
diagonals, or the magnitudes of the .xiigles, in addition to 
the lengths of the sides, bcft)re the figure can be constructed. 

POLYGONS. 

A polygon is tlie name given to any plane figure which is 
bounded by straight lines. Usually the name is not applied to 
triangles and quadrilateral figures, but (uily to figures bounded 
by more than four straight lines. 

A regular polygon has all its sides of equal length and its 
angles are of equal magnitude. 

If the sides are not equal the polygon is said to be Irregular. 

Polygons are named accoixiing to the number of tbeir sides, 
as pentagon (6 sides), hexagon (6 sidesX heptagon (7 sides), 
octagon (8 sides), iionagon (9 sides), decagon (10‘ sides), un- 
decagon (11 sides), duo^decagon (12 sides), etc. 

M.C.J. E 
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Example 1. — To construct a regular hexagon ef given side. 

Let A B (Fig. 55) be the length of the given side. On A B 
construct an equilateral triangle AOB, With centre 0 and 



i^diuB OA draw a circle 
passing through A and B. 
With the same radius and 
starting from A, mark inter- 
secting arcs on the cir- 
cumference of this circle. 
It will be found that six 
equal lengths are thu.s 
obtained. By joining these 
])oints by straight lines, the 
required hexagon is com- 
pleted. The angle between 
any two sides of a regular 


hexagon nieasure|^ 120®. 


This figure can also be 
drawn easily with tlie aid of the 60® set square. 


Example 2. — To construct a regular pentagon of given side, 
{First method.) Ijet ..45 (Fig. 56) be the length of the required 
side. Produce AB to C. With A as centre and A 5 as radius 


draw a semicircle. Di- 


vide this semicircle (by 
trial) into 5 c<iual parts. 
Through the point 2 
(always point 2, what- 
ever the number of sitles 
of the polygon) draw the 
straight line 2A. Bisect 
2A and AB by line.s 
at right angles to them. 
The point 0 where these 
bisecting lines meet is 
the centre of the circle 
which will contain the 



required figure. Start- 


FlO. 5(3. 


ing from A with radius 

A 5, mark off lengths on the circumference of the circle. Join 
the points 5, C, /), 2, A. Then ABCD2 is the required pentagon. 
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If any other regular polygon is required, the same construction 
is applicable ; care must bo taken to divide the semicircle into 
as many equal parts as the number of sides of the required 
polygon, and to work from the second division. 

{Second method,) Let AB (Fig. 57) be the given side. On 
AB construct the square ABCDe^nH also the equilateral triangle 
AB^, Draw the diagonals of the 
square. These intersect at 4, the 
centre of a circle which, if drawn 
with AA as radius, will pass through 
the angles of the square A BCD, 

The point 6 is the centre of a circle 
which with 6^1 as radius will con- 
tain a six-sided figure (Ex. 1). By 
bisecting the distance between G 
and 4 a point 5 is obtained, which 
is the centre of the circle containing 
the required pentagron. W ith cen tre 
5 and radius 5il draw the circle 
passing through A and B, Take AB as radius, and with A as 
starting point ‘^stride” round the circumference of the circle. 
By joining the points /?, F, A, the required pentagon is 
obtained. This method is applicable to the construction of any 
polygon. If a heptagon is required, a distance 6, 7 equal to 5, 6 
is measured above the point 6 as shown. The point 7 is the 

centre of a circle which with 
radius 7 A will contain a regular 
heptagon, as shown in dotted lines 
ill Fig. 57. 

An octagon can be easily drawn 
with the aid of the 45” set square 
as shown in Fig. 58. 

Any regular potygon can bo 
drawn by directly measuring, with 
the proti'ahtor, the angles between 
the sides. The angle required in 
each case is obtained by reasoning 
as follows : Every regular polygon 
consists of a number of equal isosceles triangles. The sum of 
the angles of ^ , triangle is equal to 180”. If a heptagon 
(Fig. 59) is required, the apex angles of 7 equal isosceles 
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triangles meet at the centre of the figure. As the sum of the 
angles between all the lines drawn through a point equals 360% 

:]bhe apex- angle of each of these 
£ fe'iangles equals ajft — Slf®. 

Each of the other two angles 
of eacli triangle is therefore 

equal to — ^ =64? . As 

two of these are at the angle 
hetw’een any two sides of a 
heptagon, then 64 r X 2 = 1 28i ’ 
is the required angle. 

Similarly the apex angle for 
a pentagon is = 72“. The 
base angle of each isosceles 

triangle is ^ 5 r, and 

r therefore the angle between 

]"jo. 09. any two sides of the jientagon 

is 54“ X 2 = 108 *. 

For an octagon the a})ex angle of each of the eight triangles 
composing it is ^§<^ = 45“. The base angle of each of these 
1 80 “ 45 “ 

triangles is ^ ---=67.]“ : therefore the angle bctw'een any 



two sides is 67]“ X 2 = 1 35“. 

For the construction of irregular polygons, the lengtlis of 
the sides, and either the lengths of the diagonals or the magni- 
tude of the various angles are required. 


INSCRIBED AND CIRCUMSCRIBED FIGURES. 

An inscribed figure is one that is contained by a larger 
figure, and — if an angular one — has its sides terminated by the 
sides or the circumference of the larger or circumscribing figure. 
If the inscribed figure is a circle, the sides of the circumscribing 
figure are tangents to the circle. Thus, a circle which is con- 
tained by a triangle and touches each side of the triangle is 
named the inscribed circle, while a circle drawn to pass 
through the three angular points of the triangle is the circum- 
scribing circle of the triangle. 
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Example 1. — In a given triangle to draw the inscribed circle 
(i.e. to draw a circle which 
shall toxich each side of the 
triangle). 

I^et ABC (Fig. 60) be 
the given triangle. Bisect 
any two of the angles as 
A BC and BA C. The poi n t 
0 where these bisecting 
lines intersect is the centre 
of the required circle. 

With 0 as centre, and 
radius equal to the per- 
pendicular distance to any 
side of the triangle, draw 
the circle. This is the 
inscribed circle riujuired. 

Example 2. — About a 
given irUmgle to dmxo the 
circumscribing cii'cle. 

Let (Fig. 61) be 

two sides AB and AC bv 



the given 
lines at 


triangle. Bisect any 
right angles to them. 




The point 0 where these two intersectoi-s meet is the 
required centre, and is equidistant from the points A, B 
and C. Withf. 0 as centre, and OA as radius, draw the 
required circle. 
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Examplr 3. —Iih a given square to place four equal circles each 
touching two sides of the square and two other circles, 

Ijet A BCD (Fig. 62) be the given square. Bisect the sides 
of the square in the points II and join EG and FIL 



Fiq. 62 . 


Draw the diagonals of each of these smaller squares. ITie 
intersections of the diagonals give the centres of the required 
circles as shown in the figure. 

Example 4 . — In a given square to place four equal circles^ each 
touching one side of the square and two circles. 

Let A BCD (Fig. 63) be the given square. Draw the diagonals 
AC and BD intersecting in 0. In each of the four triangles 
thus obtained place the inscribed circle as in Example 1. 

Example 5. — In a regular hexagon to place six equal circles^ 
each touching two sides of the hexagon and two other circles. 

Let ABCDEF (Fig. 64) be the given hexagon. Bisect the 
sides of the figure in the points 1, 2, 3, 4, 6, 6. Join 1 to 4, 2 
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to 5, 3 to 6. In the quadrilateral figure \A20^ bisect any two 
angles as shown. The intersection M of these bisecting lines 

B 

-X 

c 

gives tlie centre of one of the required circles. In each of the 
six quadrilateral figures place a similar circle. 




ExA]tePLE 6. — Jn a given triangle to draw the inscribed square. 
Let ABC (Fig. 65) be the given triangle. From C draw CD 
perpendicular to AB. Draw CE parallel to AB and equal to 
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CD. Join AE^ intersecting liC at F. Draw FO parallel to 
AB^ and OH and FJ per{)endicular to AB. FGIIJ is the 
required square. 




Example 7. — In a regular hexagon to draw the inscrij^ed square. 

Let ABCDEF {F\^, 66) be the given hexagon. Join JDaiid 
draw OH perpendieulai* to and bisecting AD. Tlirough 0 draw 
straight lines bisecting the right angles thus obtained. The 
points where these Ihies intersect the sides of the hexagon as 
Ly N are the angular points of the square. 

Example 8. — In a given circle to place two given smaller unequal 
circles which touch each other 
and the given circle. 

Let A (Fig. 67) be the 
centre and AB the radiins 
of the given circle. Draw 
tlie diameter BC. On BC 
make BD equal to the 
radius of one of the small 
circles. With D as centre, 
and DB as radius, draw 
tills circle. On CB make 
CE equal to tlie radius 
of the second sniall circle. 

From centre A with I'adius 
AE draw an arc. With CE as radius measure off from F on 
BC the distance FQ. With D as centre, and DQ as radius, draw 
the intersecting arc OH. Then H is the required centre of the 
second circle. 
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PROPOETION. 

Definitions. — If one quantity bears to a second quantity the 
relation which a third bears to a fourth, the four quantities are 
said to be in proportion ; thus 2 bears to 3 the same relation which 
4 does to 6 ; and 2, 3, 4, and 6 are siiid to be in proportion, a 
statement which is expressed thus 2 : 3 : : 4 : 0. The same fact 
may bo expressed as 2 : 4 : : 3 : 6 and as G : 4 : : 3 : 2 etc. In the 
proportion 2 : 3 : ; 4 : G, 6 is said to be the fourth proportional of 
2, 3, and 4. In general terms, if ^ : Z? : : 2? : t7, then B is said to 
be the mean proporti«)nal of A and and C is the third propor- 
tional of A and B. It A : B :: G : D then A x D=Bx C. Simi- 
larly if A :B ::B :C then A x C=BxB, The product of the 
first and fourth quantities of a proportional is always equal to 
the product of tlie second and third. 


A. 

B. 



Example 1. — To deiennine the fourth proportional to three given 
straight lines. 

This problem depends upon the arrangement of the propor- 
tion. Let vi, J?, and C be the given lines and let the proportion 
be ^ : 7? : : 6^ : -Y, ..V being the straight line required. Draw two 
straight lines (Fig. 68) containing 
an acute angle, as at O. On ON 
measure OA' ejjual to A^ and OC 
equal to C\ and on OM measure o 
OB' equal to B. Join A'B and 
through C* di*aw C'X parallel to 
A'B\ Then OX is the fourth 
proportional required. 

\i C U w A \ X then the result 
will be <)uite ci.Terent. Tliis is shown in Fig. 69. Here OX 
represents the fourth p^*oportional to C7; and A* 
u.c.j, . B 2 
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Example 2. — To determine a third proportional to two given 
straight lines. 

Let A and B be the given lineg, and let the proportion bo 

' A X. Draw the 

two lines OM and ON 
meeting at an acute angle. 
On OM measure OA' equal 
to Aj and 0B‘^ equal to B. 
On ON measure OB' also 
equal to B. Join A'B' 
and through draw B‘-X 
parallel to A'B'. ITiou 
OX is the required third 
proportional. 

Example 3. — To find a mean proportional to two given straight 
lines. 

Let A and B (Fig. 71) be 
the given lines. Draw a 
straight line and measure 
upon it OA' equal 4o 
and OB' equal to B. 

Bisect A'B' at C. With 
C as centre,' and €A' as 
radius, construct a semi- 
circle. From 0 erect a 
perpendicular to A'B' 
cutting the semicircle at 
X. Tlien OX is the mean 
proportional required. 
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SCALES. 

As very few details in working drawings can be made of full 
size, some definite scale must be adopted to show the necessary 
proportions. The scale used varies according to the nature of 
the drawing, as well as to the country in which the work is done. 
Thus, the drawings required to illustrate a complete building 
are made to a small scfxle, usually one-eighth of an inch to the 
foot in this country ; while the constructional details require to 
be shown to a much larger scale. Graduated rules of boxwood, 
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or paper, may be obtained, on which are marked scales of J, 
ii 3, etc. inches to the foot. Although these scales 

are sufficient for ordinary use, it is occasionally necessary to use 
other scales, and the student must know how to construct these 
for himself. 

Example 1. — To construct a scale of one-seventh iherfM siiCj to 
read to feet and inches. 

Draw a straight line AC (Fig. 72) and mark A B one inch 
long. From A draw A E at any angle (preferafdy about 30®). 



On AE mark off any 12 equal divisions, and number them. 
Join the seventh point to and through each of the other 
points on AE dvdiW lines parallel to /?7, and cutting AC. The 
length AB (1") is thus divided into seven equal parts, each 
measuring one-seventh of an inch. As the scale is one-seventh 
full size, each division represents one inch, and the distance AF 
(twelve divisions) represents one foot. Mark the point Fmco^ 
and number the scale as shown. Then XY^ e.g. represents a 
distance of 1' 4". 

Example 2. — To construct a scale, of one-thirtieth full size^ so 
that one inch represents two feet six inches. 

On AC (Fig. 73) make AB equal to one inch, and on AE 
mark off ten equal parts. Join the tenth point to i5, and 
through the other points on AE draw lines parallel to i510, and 
cutting AB as shown. I'hen each of the smaller divisions on 
AB is one-tentii of an inch long, and therefore represents three 
inches. Mark the fourth division from A zero, and number as 
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Example 3. — To convert an KnglM scale ofZ inches to the foot 
into a scale upon the Metric system. 

A scale of 3 inches to the foot is one-fourth full size. By 
dividing the length of a decimetre into four e(][ual j)art3 it will 
be found that each of the divisions is one-fourth of a decimetre, 
or a decimetre to a scale of one-fourth full size. By again 
dividing each of these divisions into ten equal parts a scale 
is obtained of metric measurements to one-fourth full size, Lc. 
in the proportion of .3 inches to the foot. 

Example 4. — A French workhig drawing represents one metre 
hy a length of 40 millimetres. Convert this into an English scale 
showing feet and inches. 

40 millimeti'es represent one metro. As there are 1000 
millimetres in a metre the representative fraction will be 
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— therefore ®'2e. By drawing a 

scale in which one inch represents 25 inches (Fig. 74) the 
required scale is obtained. 

Diagonal Scales. — These are used when very minute divi- 
sions are required. When constructing a scale to represent i-Jk 
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part of an inch, it would be lK>th difficult and unsatisfactory to 
sub-divide a length of one inch into 100 equal parts in the manner 



Fk;. 75. 


already shown. Fig. 75 shows lit)\v such a diagonal scale is 
constructed. Ten horizontal lines, parallel to the given lines, 
are first drawn, at any — the same — dist;ince apart, and veitical 
lines erected which divide these into one inch divisions. The 
length of one inch is then divided into 10 equal parts. By 
drawing the slanting lines as shown in Fig. 75, a scale is obtained, 
from which any dimension to the second decimal place of an 
inch can be measured. 

Example 5. — To construct a scale of one-ninth^ to read feet^ 
inches^ and eighths of an inch, 

ITie scale of one-uinth i. first drawn with the division of 
inches at the left-hand side. Eight additional horizontal lines 


12 



will be required in this example, as the inches liave to l)e 
divided into ei^ths. By drawing the slanting lines as shown 
in Fig. 76 and numbering, the scale is completed. 
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Enlarging and Diminishing Fignres.— Figs. 77 to 80 are 
examples which show how similar figures in definite proportion 
to each other may be drawn easily* Fig. 77 shows two similar 
triangles ABC and AB'C^ the lengiSbs of the sides of which are 
in the proportion of 2 and 1. By bisecting AB ’mB^ and draw- 
ing BC' parallel to BC^ the line AG is bisected in G\ and BC is 
one half the length of BC, 



Fig. 78 shows hour, by a similar method, a small irregular 
figure may be enlarged in any desired proportion. It is required 
to draw a figure similar to ABCDEy the sides of which are to 



the corresponding sides of ABODE as 3 is to 2. AB, AC, AD, 
AE ai-e produced. AB is made one and a half times AB, and 
the figure is completed by drawing parallels. 
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In Fig. 79, which is the section of a common form of mould- 
ing, vertical and horizontal lines 1, 2, 3, and 1', 2', 3', are first 
drawn. Radiating dotted lines are then drawn, from the points 
in which these ordinates intersect the straight sides of the 



\ 

V 



moulding, to a convenient puiut outride the figure. Hie pro- 
portion required is measured on one of these lines, and the 
diminished or enlarged figure is then obtained by drawing lines 
which intersect the radiating lines, and are parallel to corre- 
sponding lines of the given figure. T*ig. 80 shows a somewhat 
more complicated moulding drawn out in a similar manner. 

Questions on Chapter II. 

1. In measuring the angle of a building, lengths of 7 ft. and 8 ft. 
respectively are measured along the WiUs from the comer; the 
distance between the two points obtained is 9 ft. What is the 
inclination (in degi'ocs) of the walls to each other? 

2. A segmental arch over an o))cning 5 ft. wide has a rise in the 
middle of 1 ft. 3 in. Determine the radius of the curve. 

3. The two parallel walls of a building 14 ft. wide (outside 

nieasuremont) a difference in height of 6 ft. What is the 

length of the common rafters required for the roof? 
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4. Constniot a square ha^‘ing a diagonal 4 in. long. 

5. Constniot a regular pentagon of 1*25 in. side. 

6. Constniot an octagon within a square of 2 in. side. Construct 

a heptiigon of 1 in. edge. ' 

7. Determine the length of ilie side of a square inscribed in a 
circle 2*5 in. in diameter. 

8. Draw the circumscribing circle about a rectangle having a 
diagonal 3 in. long, and one side 1*25 in. long. 

9. An arch with a ris() of .3 in. and 4 ft. span is the segment of a 
circle. Show tlie method of obtaining this curve without using the 
centre of the circle. 

10. Draw a triangle the sides of which are in the proportion of 
3, 4, and C, the perimeter Ijcing 7 in. Draw the inscribed and 
ci roumscri bing circles. 

11. Alnml a circle 1*2 in. radiii.s, draw a triangle the sides of 
which are in the ratio of ,3, 4, and 5. 

12. Describe ilie nu^tiiod of inscribing in a circle any regular 
polygon. On a given line 2 itu^ies long constniot a^p(.*ntagon. 

1J1» Within a circle cif 1 in. radius construct a regular pentagon. 

14. Find graphically a mnnlior which liears the same jiroportion 
to 8 whicli 5 hears to 4 ; also a number wliicjh bears the same pro- 
portion to 13 that 1.3 ^)es to 9 

15. Two upright pUsts 16 ft. apart, fixed on a level site, are 
respectively 10 ft. and 5 ft. liigh. Determine graphically the length 
of two other posts placed between these at 4 ft. and 9 ft. distances 
rcsjiectively from the shorter pist, so that tlio upper ends of all the 
posts are in line, 

16. Make a plane scale to read 2i in. to 1 ft., not less than .3 ft. 
to be shown. 

17. Construct a plain scale of 1^ in. to 1 ft., long enough to 
measure 4 ft. 

18. Construct a diagonal scale of full size to read feet, inches, 
and eighths of an inch. 

19. Copy Fig. 78, A'B*C*D'E\ p. 46, to the size given, anil con- 
struct a similar figure, the sides of which are 1*75 times the size of 
those given. 

20. Copy, to tlie same size, the section of moulding given in 
Fig. 80, p. 47. Draw a similar section to one and a half times the 
size. 



CHAPTER III. 


SOLID GEOMETBT. 

Methods of Projection. — It Ia difficult to represent, or 
p7oject, on the aurfjice of a flat sheet of paper the true shape of 
a solid object, and various methods have been devised to over- 
come this difficulty. 

A perspective drawiner (Kig. 81) represents the object as seen 
from one point of view, and the result is a picture such as 



Fio. 81.— A perspective drawingr. 



Fi(i. 82.— An ipometrie drawing. 


might be obtained b}^ photography. As a working drawing^ the 
object of which is to furnish the workiuaii with all detaiU of 
construction, such a view is unsatisfactory. 

An isometiio drawing (Fig. 82), which attempts to combine 
pictorial effect with correct proportion, is possibly better than a 
perspective sketch, but it is also of limited application. 

The only really satisfactory method is to make, from several 
different points of view, wpo/raH drawings which represent the 
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details of the object in accurate proportion. This last method 
is known as orthograpblo proJectioiL Three views are generally 
itipresented ; that view which shows the appearance as seen 

dii^ctly from above is called 
a plan ; those which repre- 
sent views from positions on 
a level with the object are 
called elevations ; and those 
vrbich show internal details, 
obtained by supposing the 
object cut through in various 
directions by planes, are called 
sectionB. 

In orthographic projection, 
the views aie supposed to be 
“projected” from the object, 
on to planes called co-ordinate 
planes. Tims, in Fig. 8.3, which 
is a pictorial (isometric) view of these planes and a solid object, 
F.v.p. is a vertical plane, and ii.r. is a horizontal plane. Suppose 
sti-aight lines dra#n 
(projected) from each 
angle of the object and 
at right angles to the 
two planes. The figure 
a'b'e'f* is the projection 
on F.v.p, It is called the 
elevation, and abed is 
the projection on the 
n.p. ; it is the plan. 

The two projections 
represent what would 
be seen by any observei- 
looking at the object 
from the front and from 
above respectively. The intei’section of these two reference 
planes is called the ground line, and is usually lettered .ry. 
Similarly, an elevation of the object may be projected upon 
a third plane, b.v.p. 

It follows that while, with the object in any given position, 
only one plan can be drawn, any numl)er of elevations may be 
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obtained; the only stipulation is that the vertical plane of 
projection shall be at right angles to the direction of the view. 

The three planes with their projections are represented on 
one surface by supposing the vertical planes to be revolved 
back on their base lines as hinges, until they are in the same 
plane as the h.p. The part l)elow xy then represents the n.r., 
and the part above xy the v.r. A coinjmrison of Fig. 83 and 
Fig. 84 will show how this takes place. The dotted lines drawn 
from one projection to another are always perpendicular to xy 
and are called projectors. A uniform system of lettering is 
always adopted in solid geometry, and a careful attention to 
the lettering will aid in the solution of the questions. Tlie 
capital letter (A) indicates the point (or corner) of an object in 
space, the same letter in italics with a dash («') is used for the 
elevation of the point, and the same letter without the dash 
(a) for its plan. Additional elevations of the point may be 
indicated "with the same letter with a numeral (flf*"*). 

Some Simple Solids. — Tlie study of solid geometry is best 
commenced by projecting some of the simpler geometrical solids 
such as the cube, prism, pyramid, cone, cylinder, etc. After this 
it will be necessary to consider the projection of straight lines 



in different positions ; and then inclined and oblique planes — 
that is, planes inclined to the rectangular planes — must be 
considered. 

A cutM is a sdIM figure bounded by six square faces (Fig. 85). 
A priBin (Fig. 86) is a solid figure whose two ends are of the 
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same shape and size and lie in parallel planes. An imaginary 
straight line joining the centres of the ends is called the axis, 

A pyramid (Fig. 87) is bounded a base and a number of 
triangular faces meeting at a point wled the apex. 

Both the prism and the pyramid are named according to the 
shape of the base ; they may be either triangular^ eq\mre^ reel- 
angular^ or polygonal. A right prism or pyramid is one that has 
the base at right angles to the axis. If the base is not at right 
angles to the axis the prism or pyramid is said to be oblique. 

A cylinder (Fig. 88) is a prism wliich has a circular base. 

A cone (Fig. 89) is a pyramid with a circular base. A conical 
surface may be supposed to be developed by revolving a right 
angled triangle around one of the sides containing the right 



angle. Any straight line joining the apex to any point on the 
circumference of the base is called a generator of the cone. 

A sphere (Fig. 90) is generated by a semi-circle revolving 
upon its diameter. Every part of the surface is equidistant 
from the centre. 

A tetrahedron (Fig. 91) is a solid having four equal faces all 
of which are equilateral triangles. It is a particular kind of 
triangular pyramid. 

An octadedron is a solid having eight equal faces all equi- 
lateral triangles (Fig. 92). 

When working the following examples it is very advisable to 
be provided with the necessary geometrical solids, and also a 
piece of stiff paper or cardboaid, with the line drawn across 
the middle of it. By folding this paper along xy a model of 
the co-ordinate planes is obtained, and the student can with the 
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aid of this and the solids get a clear conception of the pro- 
jections required. Much depends upon the position in which 
the solid is to be drawn ; perhaps the plan will have to l>e 
drawn first, though sometimes the plan can only lie obtained 
after the elevation has been drawn ; while it frequently happens 
that neither the plan nor the elevation can be drawn at once in 
the rcMjuirod position. In this case, supplementary drawings 
must be made first, and from tliese the necessary projections 
are obtained. In the projection of lines, a pencil or a straight 
piece of wire win he used advantageously ; while for inclined 
and oblique planes the set square, or a triangular piece of card- 
board, is useful for purposes of illustration. 

Examplr 1. — To draw the plan ami elevation of a cube, if/ie7i 
one face m in the H.P. and a secmid fare inclined to the 
at 30“. Draw a new elevation of the mihe on antf new xy. 

Fig. 03 shows the plan and elevation required. It will be 
seen that the plan is a 
square, and as .all 
tlie vertical faces of the 
solid are inclined to the 
vertical plane, it is first 
necessary to di’aw the 
plan, and then project 
the elevation from it. 

The projectors must 
always be at right angles 
to For the second 
elevation, let x'f bo 
the ground line. Pro- 
ject from the plan (at 
right angles to off) and 
measure the height of r% d\ equal to the height of 

a\ c\ d\ respectively. 

Example 2. — To draw the plan aivd elevation of a 8quare-ha.wd 
pyramid^ when the base lies in the JLP. and one edge of the base is 
inclined to the V.P. at 45”. Draw a new elevation on any vertical 
plane not parcdlel to either a diagonal or a side of the base. 

Fig. 94 shows the required projections. In this example it is 
first necessary to draw the plan, and from it to draw projectora 
which give the position of the elevation. The new elevation is 
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obtained by first drawing and then projecting from the 
points in plan at right angles to marking the height of the 
apex the same as in the first elevation. 



Example 3. — To draw the plan a7id elevation of a right 
octagonal pyramid^ when the is horizontal^ the hose in the 
WP, and one edge of the base vertical. 

In this example it will be necessary to draw ibe elevation 

before the plan. 
Fig. 95 shows the 
completed projec- 
^ lions. 

Example 4.— 
draw the plan and 
elevation of a right 
pentagonal prisniy 
when the long edges 
are parallel to the 
V.P.y inclined to the 
H,P, at 35®, and one 
edge of the hose is 
horitontal. 

Here it is im- 
D Fia. 96, possible to obtain 
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the required projections without first drawing an auxiliary view. 
Fig. 96 shows the projections of the prism in an upright position, 
and with the base in the horizontal plane. A new a:y is then 
drawn at an angle of 36® to the elevation of one rectangular face ; 
the projectors drawn at right angles to a:y will then contain the 
angular points of a second plan which, with the elevation 
alreadj" drawn, will give the projections required. Tliese points, 
etc., lie on the projectoi*s at distances from y?/ equal to 
the distances from a^?/ of the corresponding points in the plan 
abc, etc. Join these points and complete the required plan in 
the manner shown in the figure. 

Exampi.k 5. — To draw the projections of a right heptagonal 
pyramid when (1) one 
triangular face lies in the 
(2) one triangular 
face is vertical and per- 
pendicular to the V.P. 

This example also 
involves the use of 
additional ground lines, 
as the recpiired pro- 
jections cannot be 
drawn direct from the 
data given (Kig. 97). 

First draw the plan 
and elevation of the 
pyramid when the base 
lies in the ii.r., and one 6 
triangular face is at 
right angles to v.r. 
a'diy and aoh are the 
projections of that 
triangular face which 
is at right angles to 
the vertical plane. 

Draw a second ground 
line yy through aV. 

Draw projectors from 
the elevation at right 
angles to yy\ and measure the points for the plan as in the 
previous example, thus obtaining the plan This 
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plan and the elevation are the projections of the pyramid when 
one triangular face {OAH) lies in the h.p. To obtain the pro- 
jections of the figure when one triangular face is vertical, draw 
another ground line at riglit a^les to a* o'. By projecting 
from the elevation, another plan obtained 

which gives, with the elevation, the projections of the pyramid 
Avith one triangular face {OAB) vertical. 

Example 6. — To draw ike projectiom of a cylinder when (1) the 
axis is vertical^ (2) the axis is horizontal and parallel to the 
V,I\y (3) the a.vis is horizontal^ and inclined to the V.P, at 45*. 

Fig. 98 shows the projections of this solid when the axis is 
vertical ; either the plan or the elevation may be drawn first. 



Fio. m. 


X 



Fig. 99 gives the projections wlien the axis is liorizoiita) and 
parallel to the vertical }>lane. It Avill be .seen that in this case 
the plan and the elevation are of the same size and shape. In 
the third case (Fig. 100), as the axis is horizontal, the plan — whicli 
i.sa rectangle — is draAvii first. As the ends of the cylinder are 
neither parallel nor perpendicular to the vertical plane, the shape 
of their elevation will be a curved line, lliis particular kind of 
curved line (the appearance of a circle seen obliquely) is named 
an ellipse. After drawing the plan, project from it an elevation 
on a vertical plane parallel to the ends of the cylinder. Tliis 
elevation is a circle. Through the centre of this circle draw the 
line a'6' parallel to x'y\ and the perpendicular lines dc\ d'd\ etc. 
Project the plans of these lines on to the plan of the cylinder. 
The required elevation can now be drawn by projecting from 
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the points aa, cc, etc., and measuring the heights above 
xy eq[ual to the heights of the same points above ^ 1 / as shown. 
Even curves drawn through the points give the two ellipses 
required. To understand these examples clearly, the method 
of lettering must be carefully followed and adopted. 



ExAMi’LK 7. — To draw (he 2 dun and demtion of a right com 
when (1) the base is in the horizontal plane, (2) a generatm^ (a 
straight line drawn from the apex to a point in the circumference 
of the base) lies in the II J\ and the axis is parallel to the Vd\ 
Fig. 101 shows the projections of the cone wlien the base is in 
the n.p. Ihe second position — using the elevation ali'eady 
drawn— can be obtained by diawing a new idy' through one of 
the sides o'7' of the elevation and projecting from it a new plan, 
the distances of the points in it from x'y' being equal to the 
distances from the same points on the hrst plan drawn. In 
order to get the ellipse which is now the plan of the base, points 
1, 2, 3, 4, 6, 6, 7 are fixed in the first plan, projected to the 
elevation, and thei^ to the required second plan as shown in the 
figure. 
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PBOJEOTION OF LINES. 

Lines. — When a line is parallel to both planes of projection, 
its true length is shown in both p^n and elevation (Fig. 102). 
When a line is parallel to one plane of projection only, its pro- 
jection upon that plane shows its true length. Figs. 103 and 104 
show two examples of a line inclined to the ii.r. and parallel to 
the v.r. The length of the plan of this line depends upon its 


b 



inclination to the n.p. If the line is vertical then its plan is 
a point. Fig, 105 shows a line which is parallel to the li.r. and 
is inclined to the v.r. The length of the plan of a horizontal 
line is alw’ays equal to the length of the line, while the length 
of the elevation varies acc(»rding to the inclination of the line 
to the v.r. (Figs. 105 and lOG). 

More difficulty is found in determining the projections of 
lines which are parallel to neither plane of projection. Neither 
the plan nor the elevation gives the true length of the line. As 
already explained in the case of solids, auxiliary construction is 
necessary in such circumstances. It is here impossible to con- 
sider more than a few of the various ways in w^hich lines may 
be placed. It is, however, necessary to know that the sum of 
the inclinations of a line to the two planes cannot be together 
greater than 90°. The traces of a line are the . points where 
the line intersects the co-ordinate planes, the horizontal trace 
(u.T.) being the point where the line meets the ii.r., and the 
Yertieal trace (v.t.) where It meets the v.p. 
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Example 1. — To draw the projectims of a straight line oj given 
length which is inclined to the H,P, at 45“ and to the V,P, at 20“. 

From a point 0 in xg (Fig. 107), draw OA (above xg) of the 
required length and inclined to xg at 45“. From draw the 
projector Aa, Then Oa is the 
length of the plan of any line 
of this length and inclination. 

From 0 draw OB (below xg) 
also the real length of the line 
and inclined at 20" to xg. A 
projector from B to xg gives 
Oh as the length of the 
elevation of this line. If the 
two extremities of the line 
are in the coordinate planes 
then one end is at the height 
A in the v.r. and the other end 
is in a horizontal line on h.p., 
which is at a distance from 
xg equal to the distance Bh. What is now l equired is to airange 
these lines in the same projectors and in their proper position. 
Taking the length of the plan Oa as radius, and with a as centre, 
draw the semicircle. The plan of the required line will be a 
radius of this semicircle. Nov» take the length of the elevation 

Oh as radius, and with A 
as centre draw the arc 
intersecting xg at d. Join 
Ac and draw a projector 
from c' to intersect the 
semicircle in c. Re-letter 
the point A as a', then aV 
is the elevation and ac the 
plan of the given line. 

E^w.'mple %--To draw 
the projections of a straight 
line of given length which 
I _ - is inclined to the H.P. at 
g b 30“ and to the V.P. at 60*. 

Fia. 108. From a point 0 in xg 
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(Fig. 108), draw OA inclined at 30% and OB at 60* to xy, both 
being of length equal to the length of the line. Projector* 



aO A MANUAL OF CARPKNTRY AND JOINERY. 


drawn from A and B toay give the lengths of the plan and the 
elevation respectively. With a as centre and radius aO draw 
the semicircle, a radius of which is;, the required plan. With A 
as centre and the length of the eleWtion (Ob) as radius, draw 
the arc which just reaches to at <z. Had the sum of the 
inclinations; been less than 90% this length of elevation 
would have intersected .ry somewhere between 0 and a as 
it did in the previous example. As the elevation is per- 
pendicular to jry, the plan will also be perpendicular to ; 
tliat is, will be a continuation of the same line as showTi in 
the figure ; a'6' is the elevation and ah the plan of the given 
line. 

Example 3. — Given the j)lan and elevation of a straight line, to 
determine its length and inclination to both planes of projection. 

Let a*b* and ab be the given projections (Fig. 109). With b as 
centre and ba as radius turn the length of plan into o'p as at A. 

Join Ah'. Then Ab' is 
the true length of the 
line, and the angle b'Ab 
(usually marked $) gives 
the inclination to the H.r. 
With a' as centre and 
a'6' as radius, turn the 
elevation into j’y as at 
B. Join aB, then aB is 
also the true length of the 
line, and the angle aBa' 
(usually marked </>) is the 
inclination to the v.p. 

Another method of 
working this example is 
shown ill Fig. 110. Let a'b' and ab be the given projections. At 
the ends a and b of the line draw perpendicular lines as shown. 
On the perpendicular from a measure a length a A equal to the 
height of a' above s;g, and on the line from b measure a length bB 
equal to the height of 1/ above Join AB and produce it 
until it meets ab produced at JY. Then AB ia the true length of 
the line, and the angle Bffb ($) gives the inclination to the 
horizontal plane. To obtain the inclination to the vertical plane, 
draw perpendicular linos from a' and h\ and measure on each of 
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these the distance that the corresponding point is in front of 
the vertical plane (its distance below xy). Join ^'i^and pro- 
duce it until it meets a’h* 
in V, The line A'F is the A* 

I’eal length of the Ime, and 
the angle ^rTV(</>) is the 
inclination to the vertical 
plane. The points V and 
H are the vertical and 



ho?’izontal traces of the 
line. If this example (Fig. 
110) is drawn, and then the 
triangle aVi' T is cut to fold 
upon rt'r, and the triangle 
hBfl is cut to fold upon Ilh^ 
by turning tlicse triangles 
at right angles to the j)lanes 
and folding the co-ordinate 
planes at riglit angles to 
eacli other upon .ry, the 
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lines AB and A'B^ come together as illustrated in Fig. 111. 



Fia. 111. 
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INCLINED AND OBLIQUE PLANES. 

In addition to the co-ordinate j^anes, IncUned and oblique 
planes are to be considered. In orthographic projection these 
can only be shown by their lines of intersection with the 
rectangular co-ordinate planes. The intersecting lines are called 
traces ; that which intersects the vertical plane is called the 
vertical trace (v.t.), and the one which interaects the horizontal 
plane is the horizontal trace (h.t.). Two planes always intersect 
in a straight line, and three planes may intersect in a straight 
line or in a point. If the plane is perpendicular to one plane of 
projection, and inclined to the other, it is usually named an 
inclined plane. If it makes an acute angle with both planes of 
projection it is termed an oblique plane. 

Tlie method of determining the inclination of these planes to 
the planes of projection is to suppose them cut throug]|^ at right 
angles to their line of intersection. 

The cone is used extensively in solving questions on oblique 
planes. By drawing the projections of a cone having its base 



on the n.p. and a generator (p. 52) in the oblique plane (Fig. 
112),, the base angle of the cone gives the angle between the 
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two planes. A cone placed with its base in the vertical plane, 
and a generator in an oblique plane (Fig. 113). has a base angle 


equal to the in- 
clination of the 
plane to the v.p. 
Oblique planes can 
bfi easily con- 
verted into simple 
inclined planes 
by alteration of 
ground line, i,e. 
by placing :ny at 
right angles to 
the Ti.T. The sum 
of the inclinations 
cannot be gi*cater 
than 1 80** nor less 
than 90\ 

Figs. 114 and 



Fio. 113. 
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116 show some of the different positions in which inclined 
and oblique planes can lie placed. Figs. 115 and 117 show 
the geometrical projections of the si^e. Fig. 115 (1) is an 



inclined plane which is perpendicular to the vertical j)iane. 
Fig. 115 (2) is a vertical plane which is inclined to the vertical 
plane. Fig. 115 (3) is a horizontal plane, and has therefore only 



Fio. ilG. 

one — a vertical— trace; while in Fig. 115 (4) a vertical plane 
which is parallel to the v.r. is shown ; as will be seen, it has 
only one— a horizontal— trace. Figs, 116 and 117 show oblique 
planes, and it is these which usually present the most difficulty 
to the student of geometry. Fig. 117 (2) shows an oblique 
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plaoe, the traces of which are parallel to xy. It diould be 
noticed that when the traces of a plane intersect, they always 
do so in the ground line. 



■ I. I . 

2 

Fio. 117. 

Example 1 . — To determine the traces of a plane which is inclined 
to the HJ\ at 40", and is perpendicular to the V.P. 

The solution of this example is very simple, as it only 
consists of two straight lines in addition to xy. One is diuwn 



above xy at an angle of 40” to it, and the other one is drawn 
perpendicular to xy so that the two intersect on xy as shown in 
Fig. 118. 

Examp];.e 2. — A rectangxdar chimney shaft penetrates a sloping 
roof^ the inclination of which is 60*. Determine the true shape of 
the hole in the roef. 

The roof surface can be considered as a plane to be shown by 
its traces. In Fig. 119 let v.t. and h.t. be the traces of the 
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plane, and abed the plan of the chimney shaft. Draw the 
elevation of the shaft, showing it cut by the plane. Suppose the 
plane of the roof, with the section of the shaft, to be revolved 



upon the h.t. into the n.r. ; A BCD gives the shape of the hole. 
It will be seen that the greater the inclination, the longer 
will be the rectangular liole in the roof. 

Exauplk 3. — Given the tracer of an oblique plane, to determine 
the inclination of the plane to both the H,P, and- the V,P, 

Let v.T. and n.T. (Fig. 120) be the traces of the given plane. 
Draw the projections of a semi-cone having its axis a'6' in the 
vertical plane, the apex a' in the given v.t. and its base 
(a semi-circle) ced in the n.p, and lying tangentially to the 
given H.T. Tlien the base angle {$) of the cone gives the 
inclination of the plane to the n.r. To determine the inclina- 
tion of the plane to the v.r., draw the projections of a second 
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semi-cone, having the axis mn in the h.p., and the a|>ex in in 
the given h.t., while the base is in the v.p. and tangential to the 
v.T. The base angle 
(</») of this cone gives 
the inclination to the 
v.p. 

Example 4, — Given 
the traces of an oblique 
plane^ to convert it into 
a simple imlined plane, 
and determine its in- 
clination to the H.P. 

Let v.T. and h.t. 

(Fig. 121) be the given 
traces. Diaw any new 
ground line {x'f) at 
right angk^s to the 
H.T. Draw the plan of 
a horizontal line at any height (say 1") on this piano. Tlic plan 
of a hoj'izontal line lying on a plane is always ]>arallol to the 




Fig. 121. 


H.T. of the plane containing it. To dmw this line, first di*aw a 
lino ah' parallel to xt/ at a height of V' above it. Where this 
line cuts the v.r., as at a\ drop a projector to xy. Diw ah 
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parallel to h.t. This is the x^lau of the line. Produce ah 

beyond and make a® equal in height to a' (1"). This gives a 

point in the new vertical trace. . As the traces of a plane alwa 3 's 
meet in the ground line, the is drawn through the points 
and the intersection of h.t. as shown. The angle {$) which 
this line makes with .ry gives tlie inclination of the plane to 
the H.p. 

Example 5. — Determine the traces of a plane which is inclined 
to the H.P. at 45® and to the V.P, at 65°. 

To solve this example it is necessary to sup^jose two cones, one 
with a base angle equal to the inclination to the h.p., and the 



other with a base angle equal to the inclination to the v.P., each 
cone to envelop one — the same — sphere (Fig. 122). On any point 
0 in xjf (Fig. 123) draw a circle (any radius) as shown. This 
circle is the plan and elevation of a quarter of a sphere having 
its centre in the ground line. Draw the plan and elevation of 
a semi-cone having a base angle of 45", its base being on the 
n.p., its axis in the v.p., and of such size that it just envelops 
the quarter-sphere. Draw a second semi-cone with the base 
in the v.p., the axis on h.p., with a base angle of 65", and also 
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enveloping the quarter- sphere. The required traces are then 
drawn — one through the apex of the first cone and tangential 
to the base of the 
second ; the other 
through the apex of 
the second and tan< 
gential to the base of 
the first, as shown in 
Fig. 123, which is the 
geometrical solution of 
the example. 

SECTIONS. 

The section of a draw'> 
ing is the representation 
of a cut part. Many of 
the details of construc- 
tion can only be shown 
by means of a section. 

As an illustration of 

this, Fig. 1 24 is the plan Kia. 123. 

of a simple carpenters* 
joint. From this plan alor e it is not possible to determine the 
exact kind of joint. Figs. 125 to 128 show sections, in the 



Pia. 124. 


plane AB^ of four diflerent kinds of joint, of each of which 
Fig. 124 may bo the plan. 
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Example 1. — Fig, 129 shows a section of a piece of nwtdding. 
To determine thje section made when the moulding is cut at an angle 
of 4f>* mth the long edges. 

Draw ouif and also the plan oKa short length of the mould- 
ing. Show hy its trace the vertical plane cutting the 



moulding at an angle of 45® with the long edgtss. By 
assuming this ii.T. to be a new ground line projectors 

<lrawn through the plans of the edges of the moulding at 
right angles to the ii.p. give the increased width required. As 
the cutting plane is vertical, the heights of the points above 
are transferred to these projectors, and the section is 
completed as shown. 

Exami’LE 2. — To determine the section made hy a horizontal 
^ane cutting through a given triangular-based pyramid. 

Let a'b^do' and aheo (Fig 130) !>e the projections of the given 
pyramid. }>raw v.t. the vertical trace of the cutting plane. 
Draw projectors from cle'f^ the points where the catting piano 
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I’iXAMFLK 3. — Given a hexagonal pyramid^ to draw the »ecti(yn 
mide by a plane inclined at 45" cutting through it. 

Let Fig. 131 be the projections of the pyramid. Diuw the 
traces v.t. and ii.t. of the cutting plane as shown. Ijotter the 
figure as indicated. Draw projectors from g'Jij’k'Vm' to the 
plan, thus obtaining ghjkhn. The required section is obtained 
by u.sing u.t. as a hinge, and turning the points gh'fk'Vm! into 
xy^ and then projecting them at right angles to until they 
meet lines drawn through the corresponding points in the plan 
and parallel to xy. 

An alternative method of drawing this section is shown in the 
figure. In this the v.t. is considered as a new ground line, and 
projectors are di*awn from the points where v.t. cuts the eleva- 
tion, at right angles to it. The distances of the points below xy 
are transferred to these projectors, thus giving the true shape of 
the section. 
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Example 4. —To determine the section made a plane cutting 
a cylinder at an angle of 30* to the axis. 

Let Fig. 132 be the projections of the cylinder, which is 
horizontal, and h.t. the horizon^l trace of the vertical cutting 
plane. This section — which is an ellipse — is obtained by 



Pro. 1S2 


marking on the surface of the cyliiidei* a number of horizontal 
lines as nearly equidistant as possible, and projecting these as 
sliown in the figure. 

Sections of the Cone. — The consideratioTi of the sections of 
the cone is of some importance. The sections obtained are 
known as conic sections. The shape of the section depends 
upon the way the cone is cut. Any section of the cone taken 
at right angles to the axis is a circle. If tlie cutting plane 
passes through the apex the shape of the section is an isosceles 
triangle. If the cut is other than at right angles to the axis, 
and passes through opposite generators of the cone, the section 
is an ^pse ; when the section is obtained by a plane 
pamllel to a generator the section is a parabola; while the 
section made by a plane cutting the cone parallel to the axis is 
called a hyperbola. 
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Fig. 133 shows in plan the circular section made by a hori- 
zontal cutting plane at right angles to the axis. The size of the 
section is determined by the size of the cone, the apex angle, 
and by the distance that the cutting plane is from the apex 
of the cone. In the elevation of the same figure is shown the 
section of the cone -when cut by a vertical plane which 
passes through the axis. The shape of the section is an isosceles 
triangle. 


X 


a 


Fio. Fig. 134. 

The outline of some of these conic sections may also be con- 
sidered as having been traced by a point moving along a curved 
path, and having a fixed relationship to a given line, the directrix, 
and a given point, the focus, or to two given points, the /oci. 

The Ellipse has two axes which bisect each other at right 
angles: the major, or tranaverae axis which is the longer; and 
the minor or conjugate axis. Two points on the major axis are 
called fod, and an important property of this figure is that 
the sum of any two straight lines drawn from the fod to any 
' point in the curve is equal to the leng^tb of the major azia. 

(a) The dllpse considered as a oonie section. — Fig. 134 shows 
the elliptical section of the cone obtained by projection. v.T. 
and H.T. are the traces of the cutting plane. The dotted ellipse 
M.O.J. ® 2 
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shown in the plan is the plan of the section, and gives the 
lengths of a number of horizontal lines in the section, t.e. of the 
lines of intersection of the cutting plane and horizontal sections 
taken at different heights. To^ obtain the true shape of the 
section draw ajb, parallel to v.t. and at a distance from v.t. 
equal to the distance of ah Ijelow xtf. The length of the major 
axis is determined by drawing projectors from T and 2' at right 
angles to v.t. until they meet in 1,2^. To obtain the length 
of the minor axis, bisect V2' in 3', project from this point, 
measure the length of 3 3 in plan, and transfer to the section 
l>eing drawn as at 3^3,. Tlie two axes are now in position. Other 
points through which the curve is drawn are obtained by pro- 
jecting from 4', 5', 6\ 7', then obtaining the length of the 
horizontal line through these points as shown in the plan at 
4 4, 5 5, 6 6, 7 7, and transferring these lengths to the required 
section as indicated in the figure. 

(b) The ellipse curve considered as the path of a nfbving point. 

(T.) Example. — To construct the curve of an eUipsey the lengths 
of the axes being given, 

Ijct AB and (^) (Fig. 135) be tlic given major and rnima* 

axes respectively. With 
the point of intersectirni 
of the two axes as centi e, 
drtaw two concentric 
circles having radii equal 
to OA and OC respec- 
tively. Draw equidistant 
diameters EE, FF^ GO^ 
Ulf as shown. Where 
these lines meet the large 
and small circles draw 
lines }>arallel to Cl) and 
A B respectively, until 
they iiitersect as at efgh^ 
etc. A freehand curve drawn evenly through the points gives 
the required curve. 

(11.) Example. — Given the axes of an ellipse^ to determine the 
foci and draw the cwrve. 

Let AB and CD (Fig. IS*^) be the given axes. Draw these so 
that they bisect each other at right angles at 0. With C as 



'l-HE ELLIPSE. 


75 


centre and ^10 as radius, draw the arcs intersecting AB at 
F and These points ai-e the foci of the required ellipse. 
The sum of any two 
straight lines drawn from 
the foci to any point in 
the curve is equal to the 
length of the major axis. 

Take any number, say 3, 
of points between F and 
(nearest together at F) 
and number them 1, 2, 3. 

With Al as radius and 
with F and F^ as centres 
draw arcs on each side of AB. With Bl as radius and ^ and 
Fi as centres draw the arcs intersecting at a, a, a, a ; repeat the 
construction, having A2 and B2 as radii and F and F^ as 
centres ; and again with yl3 and B3 as radii draw more intersect- 
ing arcs. Throxigh the 
]K>ints thus obtained draw 
tlie curve of the ellipse. 

(III.) The workshop 
method of applying this 
construction is to get a 
length of fine string and 
fasten one end to a pin at 
Fi twist it round another 
jun at E with the inter- 
vening length stretched to 
C. Place the peiiful to move along the string as showm in 
Fig. 137. The moving pencil jK>int traces out the elliptical 
curve. 

(IV.) Example. — To constnif't an ellijnical evi^oe by yneans of 
a tmmmel. 

Take two laths of woorl or other material, having a groove 
along the middle of the length of each, and fix them so that 
they are at right angles to each other, Obtain another lath of 
wood having near one end a hole through which a lead pencil is 
placed. Place two small pegs in holes in this rod, such that the 
distances from the pencil to these pegs are equal to the lengths 
of half tls^e major and h.alf the minor axes respectively. On 



Fill. isr. 
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moving this rod so that the pegs slide in the gi’ooves as shown 
in Fig. 138, the pencil traces out the elliptical curve. 

A modification of the trammel method of drawing an ellipse 
is to use a strip of paper. Mar% on one edge, OM equal to the 
length of half the major axis, and ON equal to half the minor 



axis. Draw the axes of the ellipse at right angles to each other. 
On moving the .^trip so that the point M is constantly on the 
minor axis line, and N on the major axis line, the point 0 traces 
the elliptical curve. 

The Parabola. — The section obtained when the cone is cut by 
a plane parallel to a generator is named a parabola. Unlike 
the circular or elliptical sections the curve of the parabola 
is not a closed curve, but extends indefinitely unless terminated 
by the base of the cone. In Fig. 139 v.t. and h.t. are the traces 
of a plane cutting the cone so that the resulting section obtained 
by projection is a parabola. Draw parallel to v.t. and at a 
distance from it equal to the distance of ah from .ry. Cii'cular 
horizontal sections are drawn in the plan, and the lengtlis of 
the horizontal lines of intersection of these planes with the 
inclined cutting plane are obtained as shown at cc, etc. 
Projectors from a', h\ c', etc,, at right angles to v.t. are drawn, and 
the lengt^hs cc, etc. transferred to the new projectors as 
shown at h}>f^ etc. An evenly drawn curve through these 
points gives a parabola. 

The Hyperbola. — Fig. 139 also shows the section made by a 
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easily understood by refer nee to tlie lettering of Fig. 139. It is 
known as tho hyperbola. 


DEVELOPMENTS OF SOLIDS. 


Tliis is a branch of geometry which is specially important to 
the carpenter and joiner. It consists of unfolding or spreading- 


out surfaces so that the 
exact shape of the cover- 
ing material may be 
ascertained. Figs. 140 
to 142 sliow the develop- 
ment of the cube, a 
pentagonal pyramid, and 
a cone respectively. 

In tlie cube six squares 
are drawn to touch each 
other as shown, and are 
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then folded on the lines. If such a solid is made out of stiif 
paper or cardboard, it is best to leave narrow strips on some of 
the sides, as shown by the dotted lines, for gumming pui-poses. 



In the p 3 rTamid. the base, which is a 2 )entsigon, is first drawn, 
and on one side of this is constructed an isosceles triangle the 

lengths of the sides of 
which are equal to the 
slant edges or the re- 
quired pyramid. With 
0 as centre, and radius 
OA^ draw the arc as 
shown, and measure BC^ 
CD, DE, and EA, each 
equal to A Zl. The pyra- 
mid can be made by 
folding the figure on the 
various lines, so that the 
corresponding letters 
come together. The 
dotted lines indicate 
narrow strips by which 
the pyramid may be 
gummed together. 

The cone is made out of stiff paper by first drawing the 
circle of diameter equal to the required base, and then marking 
out the arc of another circle of radius equal to the length of a 
generator 'of the cone, and a length of arc equal to the circum- 
ference of the base, llie teeth-like projections around the 
cii^cle are for gumming purposes. 
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Exami^le 1. — To draw the developTiient of a ttqitare prism when 
one end is eiU obliquely, 

Tlie L'lethod of const ruction will be clear from an examina- 



tion of Fig. 143, in W'hicb the corrcsj>onding points of plan, 
elevation, and developed surface are similarly lettered. 



Example. 2. — To draw t/te development of a cylinder when one 
end is cut of at an oHique cmgle with the axis. 

Fig. 144 ahows the projections of the cylinder. In this 
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example the stretch-out ” Js equal to the length of the 
circumference of the circle, the lower end is a straight line, 
while the upper end is represented by a curved line, the 
sliape of which is obtained by a^uming a number of vertical 
lines on the surface, and determining the length of each of 
these and transferring it to the developed surface as shown 
in the figure. 


Example 3. — To draw the demlopment of a truncated hexagonal 
pyramid^ tits top being cut off at an oblique angle with the axis. 

Let Fig. 145 be the pro- 
jections of the pyramid, 
the part shown doited 
being supposed to be 
removed. The base is a 
regular hexagon, of size 
given in the plan. Tlie 
six isoseele^ triangles 
representing the inclined 
faces are obtained as 
shown in Fig. 145, with 
the exception that the 
apexanglcof eacli iscutolf, 
the exact length of each 
edge being obtained by 
treating eacli edge as a 
line, and finding its true 
lengtii. The top end is 
obtained by finding the 
true shape of the sec- 
tion cutting the solid, in the manner indicated. 



Example 4. — To draw the development of a truncated right 
cone. 

Let Fig. 14G be the plan and elevation of the cone. The base, 
which is of course a circle, is first drawn. Develop the conical 
surface as shown in Fig. 146. On the plan and elevation, 
draw a number (say 6) of equidistant generators, determine 
the length of each of these by turning it into, or parallel to, 
tne V.P., and transfer these lengths to the developed surface. 
A freehand curve drawn through the points will give the upper 
end of the developed surface. The upper end of the truncated 
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cone is of elliptical shape, and can be obtained as previously 
explained (Fig. 146.) 

The application of this 
work to the determina- 
tion of the covering of 
peculiarly-shaped roof 
surfaces is illustrated in 
the following examples, 
which may be taken as 
typical : 

Fig. 147 shows a roof, 
the plan, abed, of which 
is a square, and the 
vertical sections, through 
both AB and CD, are 
semicircles. In such a 
roof the /ups (p. 21(>) 
will be elliptical in out- 
line. The shape of 
the developed covering 
surface is obtained by dividing the semicircle (elevation) into a 
number of equal parts as shown. Draw the plan of each of the 




82 A MANUAL OF CARPENTRY AND JOINERY. 


horizontal lines, of which these points are elevations, and thus 
obtain the lengths across the surface at these places. Stretch 
out, on one side of the plan, a length equal to the distance 
along tlie curve of the elevat^n from A to 4, and place 
these honzontal lines on this 8ti\tch-out as sliown, projecting 
the length from the plan. Draw a freehand curve through 
the points thus obtained. Fig. 147 shows one quarter of the 
roof surface develope<l ; as the plan is a square, and the 
sections taken either way are the same in this example, 
the remaining three sides are of exactly the same shape as 
the one shown. 



Fig. 148 shows a roof, the plan of which is a square, and the 
elei^ation a curved surface known as an ogee. The development 
is obtained in exactly the same manner as in the preceding 
example. It is necessary to take a number of horizontal lines, 
as shown, in the figure by their plans and elevations, and 
then to obtain the stretch-out of the curved surface as in 
Fig. 147. As the drawing is numbered, an examination of it 
will make the method clear. 
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Questions on Chapter III. 

1. Draw tho plan and elevation of a square prism, of 3 in. edge, 
and 1*7«'5 in. high, when the base is inclined at 30° to the h.f. and 
one edge of tho base is in the H.r., and perpendicular to the v.r. 
Draw a second elevation upon a vertical piano which is parallel to 
tho horizontal edges of the solid. 

2. Draw ilio plan and elevation of a right pentagonal pyramid 
(edge of base 1*25 in., length of axis 3 in.) when tho base is on the 
1 M\, and one triiangular face is perpendicular to v.r. Draw a 
second plan of the solid, which will, with the elevation, Ikj the 
projections of the solid when a triangular face is on H.r. 

3. Draw the projections of a cylinder (base 2*5 in. diameter, axis 
1 in. long) when the axis is inclined to the li.r. at 45"' and is 
ivirallel to the vertical plane. 

4. Draw the projections of a straight line 3 in. long in each of the 
following positions : 

{a) inclined to the H.r. at 45°, and parallel to the v.r. : 

(/i) parallel to the ii.r,, and inclined to tho v.r. at 30° ; 

{c) parallel to the Ji.r., and inclined to tho v.r. at 60° : 

(ri) inclined to the jr.r. at 30", and inclined to the v.r. at 45° t 
(<?) inclined to the H.r. at 20°, and inclined to tho v.r. at 70°. 

5. The plan of a line 4 in. long is 2*5 in. What is ils inclinatiou 
to the II. r. ? 

6. One end of a line is 3 in. from lM>th planes of projection, and 
the other end is in ay. The length of the line is 5 in. Draw the 
plan and elevation, and determine its in«:Iiiiatioii to the H.r. 

7. A sloping surface has an inelinatuHi of 45°. It is cut by a 
vertical plane the plan of which makes an angle of 45 with the 
horizontal edges of the sloping surface. Determine the inclination 
of tho line of intcrsectimi of the sloping surface and tho vertical 
plane. 

8. A square cliimnoy shaft of 3 ft. sitle penetrates a roof surface 
which is inclined at 30°. One diagonal of the shaft is parallel to 
tho ridge. Determine the shajHi and size - f the hole in the roof. 

9. Tho ir.T. of a piano is inclined at 60° to Tho piano is 

inclined to tho ii.r. at 45°. Doterniino tho vortical trace, and 
convert the plane into a simple inclined plane. 

10. Tho traces of a plane are parallel to xy. Assuming the v.T. 
to 1x) 2 in. above iry, and the inclination of the plane to bo 30° to 
the II. I’., dotoFtithiO the distance of the h t. from xy. 
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11 . Draw the plan and elevation of a hexagonal prism of 1 } 
edge at ends, and 3 in. axis, wh<^m the axis is horizontal hut inclined 
to the plane of elevation at 40''. Make the section of this prism, 
when cut by a plane, parallel to th^ plane of elevation. 

12. A hexagon 1 J in. side is th^ base of a pyramid, the axis of 
which is 3 in. in heiglit. Draw the plan and elevation, also a 
section parallel to the axis ond ^ inch from it. 

13. Draw the plan and elevation of a right hexagonal pyramid, 
axis 4 in. in length and base of 3 in. side ; also draw the section cut 
by a plane passing through one of the sides of the base, and inclined 
at 60" to the axis. 

14. Show by sketches, the manner in which the several conic 
sections are obtainwl from a cone, (live rules for approximately 
setting out an ellipse. 

15. Construct an ellipse, having its major and minor axes 3 in. 
and li in. long respectively. 

16. Draw the plan and elevation of a cone. Tlic diameter of the 
base is to be 3 in., the length of the axis 4.J in. MSho a section 
parallel to the axis, and a section which is an ellipse, whose major 
axis is 21 in. long. 



CHAPTER IV. 


MENSURATION OF CARPENTRY AND JOINERY. 

Calculations. — It is constantly ncf'cssary for the carpenter 
and joiner to make calculations from the »];iven dimensions of 
the sizes of the materials used, the areas of surfaceR, and the 
volumes, or cubical contents, <»f solids. Although most of 
the methods used involve only an elementary knowledge 
of arithmeth^, it will l)e advisable to work out in full a 
few typical examples which are constantly occurring in 
practical work. 

Units of length. —The British system of measurement is in 
yards, feet, inches, and sub-divisions of the inch. These sub- 
divisions may be given in docimals or in duo decimals. In the 
decimal system the unit is either multiplied or divided by tens, 
and the working of such calculations is easily accomplished by 
the use of the decimal point. Duo decimal measurement is 
expressed in feet, inches, and lines, tlic ratio of increase or 
decrease being in twelfths. 

In most continental countries the metric system is in general 
use. This system is gradually increasing in favour in our own 
country. In the metric system the unit of length is the metre, 
approximately equal to 39’37 inche s. This unit is di vided i nto 
ten decimetr es, the d^jiraetreTT^ivuiKl ini^ Jbe n centm u^es, 
and the centimetre is divided into ten milli metres . 

The multiples of the metre arc : 

10 Metres = 1 Dekaiueti’e — 393*7 inches = 32' 

10 Dekametres = 1 Hectometre = 3937 inches— 328' 1" 

10 Hectoiuet^saK 1 Kilometre = 39370 inches » 3280' 10^ 

10 Kilometres" — 1 My riametre— 393700 inches =32808' 4^ 
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The sub'divisioiis of the meti'6 ai^e : 

1 niiliiiuetfe= 0*03937 inches 

10 millimetres =3 i centimetre^ 0*3937 inches 

10 centimetres = 1 decimetre % 3*937 inches 

10 decimetres = 1 metre =39*37 inches 3' 3J". 

It is frequently found necessary to convei t the measurements 
of one system to equivalent distances in the other. This is done 
as follows : 


Example 1. — Ilmo many milUmetres (mm.) arp. there in 1 2 inches? 
In 39*37 inches there are 1000 mm. : in 12 inches there are : 


1000x12 

39*37 


=304*8 mm. 


Example 2. — What is the metric equivalent of 10 inches ? 

" 406*4 mm. = 40*G4 cm. = 4*0(54 dcni. =0*4064 nieti e. 


The calculations to he made will include tlie use ^f linear or 
l eng th measure, square or surface measure , and c ubic or s olid 
measure^ 

lA)KO Measure. Square Measure. 

12 inches = 1 foot. ^j( 1 2 x 12)= 1 44 square inches = 1 square foot. 
3 feet = 1 yard. (3 x 3) = 9 square feet = 1 square yard. 

Cubic Measure. 

(12 X 12 X 12)= 1728 Cubic inches = 1 Cubic foot. 
(3x3x3)= 27 (hibic feet = 1 ( 'ubic yard, 

v-^n the metric system 10 decimetres = 1 metre : 

10 X 10= 1(X) square dcm. = I square metre. 
10x10x10= 1(X)0 cubic dcm. = 1 cubic metre. 
British and Metric Units. — Figs. 149 to 152 show the 
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comparative size of the inch and the centimeti'e both as 
regards linear, Bquai*e, and cubic measurament It will be seen 
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tbat th« iDcb is just over two and a half (2*54) times as long 
as the centimetre. In square measure, which involves the 
niultiplioation of a length by a breadth, the area of the square 
inch is 6*45 times the area 
of the square centimetre; 
while in cubic measurement 
there are 16*38 cubic centi- 
metres in a cubic inch. 

A consideration of Fig. 

153 will serve to illustrate 
further the difference 
between linear, square, and 
cubic measurement. First, 
it must be noticed that every 
solid has three dimensions, 
namely length (in this ex- 
ample 24 inches), breadth 
(12"), and thickness (6"). To 
obtain the area (surface 
measure) of one of the 
largest faces, multiply the length by the breadth, 

24 X 12 — 288 sq. inches, or 2 sq. feet. 

The area of one of the edges is obtained by multiplying the 
length by the thickness — 24x6=144 sq. inches, or 1 sq. foot. 

The cubic content is 
obtained by multiplying 
the three dimensions 
together thus : 

24x 12x 6=17^cub.in8. 
or if the m^surenients 
are in feet, the cubic 
content is 

2x1x4=^-! cub. foot, 
(Jare must be taken to 
have all the measui^- 
luents in the same unit^ 
— either feet or inches. 

Wlien making calculations it is always advisable to take a 
uvBiital survey of what is requii’ed and try to obtain an appi'oxi- 
mate result wli^*h may serve as a guide and possibly prevent 
errors in the siilieequent calculation. 
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Squares and Square Boot.~The square of a number is 
obtained by multiplying the number by itself ; thus : 

2*=2x2=4. 10*-*= 10x10=;: 100. 242=24x24=576. 

The square root of a number (indicated by the sign is that 
quantity which when multiplied by'^itself is equal to the number ; 
thus\^;l6=6; \/64=8. 

The rule for finding the square root of a number is as follows ; 

Example. — To find the square root of 529. — Mark off the 
number 529 into periods of two figures as indicated, l)eginning 
with the units figure. The nearest square to 5 is 
4, the square root of which is 2. Put 2 in the 
answers place. Square 2, place the result 4 under 
5 and subtract. Bring down the next period 29 ; 
place the double of 2 in the loft column. Divide 
all except the right-hand figure of 129 by 4, this 
gives 3. Place 3 in the answer place and also to the right of 4. 
Multiply 43 by 3 and place the result 129 under 129 ai^ subtract. 
As there is no remainder the work is completed and 23 is the 
square root of 529. Test this by multiplying 23 by 23, the result 
is 529. 


2)629(23 

4 


43 


129 

129 


A knowledge o( square root as well as of the following 
theorem is very necessary to a successful working of a large 
number of the questions to be considered. In a right angled 
triangle the square on the side {the hypotenuse) opposite the right 
angle is equal in area to the sum of the squares on the sides con- 
taining the right angle, [ Euclid 1. 47.] 
Thus, in Fig. 164, which is a right 
angled triangle, 

Assuming the sides to be 5", 4"", and 
long respectively, then 

5x5 = (4x4)+(3x3), 

26 = 16 + 9. 



This example and the proportions of the sides of the triangle are 
of some importance, since by an application of the proportions 
in it the setting out of right angles can be easily and accurately 
determined or tested without the aid of special appliances. 

Example 1 . — What is the length of the diagonal of a rectangular 
room whose sides are 12' and 9' long respectively? 

The length of the required diagonal is the square root of the 
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Bum of the squares of the lengths of two adjacent sides of the 
rectangle. As the lengths of the sides are 1 2' and 9^ respectively, 
that of the diagonal is : 

\/(l2 X 12) + (Ox 9)=N/l44 + 8i =^225 = 15 feet. 

Example 2. — What is the length of the diagonal of a square 
of 8 feet side f 

As the two sides are at right angles to each other it will be 
necessary to square them both, add the result, and extract the 
square root. Then the length of the diagonal is 

+ 1 1 -31 feet. 


Example 3. — The diagonal of a square room is 18', lohat is the 
length of side? 

Let X equal the length of the required side ; then 

2y'=18“ ; =Vl62=-12-72 feet = ]2' 8^. 

Example 4. — What is the 
dicular height of an equilateral 
triangle of 1 2 feet side ? 

Tlie heiglit of the triangle (Fig. 

155) is obtained by squaring the side 
A B ; squaring Bl) (half the base 
BC) ; subtracting /?/>- fioin AB^ and 
extracting the .sfjuare root. 

Tjet X equal the re(juired height of 
the triangle then : 

.1-2 = /i2 - = (1 2 X 1 2) - (6 X 6) - 1 44 - 36 - 1 OS 

=Vlb8 = 10-39 feet=;-10' 4r. 

Example 5. — A hvilding 24 feet wide {outside measurement) is 
roofed to slope hath loags. The ridge, which is in the centre, is 8 
feet above the level of the walls. What will he the length of the 
common rafters? 

This example is solved by finding the tength of the hypotenuse 
of a right-angled triangle, the hnown sides being the height of 
the lidge (8'), and half the width of the building (12'). 

Let X equal the i*oquired length of the rafters, then 
;r=V(8>r8)+(12x 12)=V64 + 144=\^208 
s= l4‘42 feet = 14' 
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Example 6. — An inclined epur against a vertical post is ^0 feet 
long. The lower end rests upon the ground 12 feet distant from the 
foot of the post At what height from the ground is the upper end 
of the spur ^ 

Let X be tbe height required, thin : 

X = = V(Wx20)-(T^)ri2) = \/400-144 = n/2^ 

0:5=^266 = 16 feet 


AREAS. 


Square and Rectangular Figures.— The areas of these figures 
are found by multiplying the length by the breadth. 

Example 1.— Let ABCD (Fig. 156) be a rectangular surface, a 
floor for example, the length and breadth of which are respec- 
tively 18' and 8'. As 

18x8-144, 

the area of the room is 144 
square feet. 

If the room were square 
and of the same area, it 
would be necessary to find 
the number which multiplied 
by itself equals 144, that is 12 Therefore a room 12' x 12' will 
have the same area as a room 18' x 8', namely 144 square feet. 

Example 2. — A square room has an area of 1296 sq. feet ; what 
is the length of the side of the room ? 

Find the square root of 129G. This is found to Ix) 36. There- 
fore the length of the side of the room is 36 feet. 

Example 3. — A rectangular room is 14' 6" long and \ Q*' wide, 

what area is the floor surface? 

This example, which involves fractions of the friot easily 
expressed in both me«isurements, may be worked in either 
fractions and decimals. 



In Fuaotions : 
14'6''=14i'. 

12'9" = 12|'. 

Area =5l4i x 12 j 
29^^51,* 29x51 
2^4 s’ 


In Decimals: 

14' e"=14-5'. 

12’ 9"=12-7r)'. 

1 4-5 X 12-76 = 184-875 sq ft. 

1479 

=-g-=184‘ sq. ft. 


The area is 184§ sq. ft. or 184 sq. ft. 126 sq. in. 
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Example 4. — 'Wltat in the length of one side of a square room^ 
the floor of which ctnitains 1000 aq.feet area? 

I'he square root of 1000 is 31-622, tLerefoi-e tliis is tlie length 
in feet of the side of the room. 

31*622 feet=3r 7i". 

lor practical purposes it is seldom necessary to work out these 
results beyond the second place of decimals. 

Example 5. — What in the length in metres of the side of a square 
room of 50 square metres area ? 

>/56=- 7*071 metres =7 m. 0 dcin. 7 cm. 1 mm. 

= 70*71 dcm. 

— 707*1 cm. 

= 7071 mm. 


Example 6. — What is the length of the side of the room in £.v. 5 
infect? 

oq.07 

1 metre = 39*37 iiiches= - feet. 

12 

-/-.-I 4. 39*37x7*071 278*385 

/*0a metres= - - jg— ■ - = — = 23' 2 J". 


Example 7. — A flat roof 20' hg 12' has in the centre a raised 
lantern light the outside dimensions of which are 10' hg 6'. How 
many sq. feet of square-edged hoarding will he required to cover 
the flat roof surface? 


Area of tlie whole surface=20x 12=240 sq. feet. 
Deduct for lantern light 10x6 =60. „ 

Quantity of bofirdirig required 

= 240 - 60 = 180 sq. feet. 


Triangles. — Tlie area of a triangle can be obtained by multi- 
plying the length of the base by half the perpendicular height, 

that is, , perpendicular height 

area — iiase x — - , 


The shape of the triangle does not the result, as all 

triangles on the same bsise and lietween the same parallels are 
equal in area. 

Tlie area of a tria ngle can a lso be determined by the following 
formula : 8(s - a)(s - h)(s - c)=area of triangle, when 

4= half the perimeter, and 
a, hf c', are the lengths of the sides of the triangle. 
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Example.— 7b find the area of a triangle the sides of which are 
5", 6", and T long respectively. 

c)=V9(9 - 6)(9 - 6)(9 - 7)=v'9jr4>r3>^ 
=\^21(>=l4‘7‘lp. inches nearly. 

Graphical Solutions. — Many examples in the determination 
of the areas and sides of triangles can be more easily solved by 
graphic construction than by arithmetical methods. Graphic 
methods are also to be employed by preference in cases where 
the arithmetic is laborious. In the following examples only 
the simpler ones ai-e worked by arithmetic. 

Example 1. — A triangle has a base of 8' aiid a ‘perpendicular 
height of 10'. What is its area? 

. 8x10 ... » . 

Area — — ^ — =40 sq. feet. 


Example 2. — What is the area of an equilateral triangle of 12' 

edge ? _ 

Area = «(» - afis ~ 6)(« — c) 

= Vl8(T8 - 12)(18“l 2)(r8 - f2) 

=\/l8l< 6)^6x6=^3888 =62 3f5 sq. feet. 
Example 3. — A trid^le ha* a perpenciiciila)’ fwii/ht of 50 nn. 
and an area of 30 sq. dcm. What is the length of the base of 
the triangle? area x 2 

*^^o^perpen. height’ 

As the area is in decimetres and the height is in centimetres 
30 X 100 X 2 


the base = 


50 


-=120 cm. = 12 dcm. 


Example 4. — A triangle with a base 16 dcm. in length has an 
area of 12 sq. feet. Find the height and the length of the base in 
feet^ the perpendicular height of the triangle in ctn.y and also the 
area in sq. dcm. 

As 1 dcrn. = 3*937 inches, the length of the base of the triangle 
will bo 16 X 3*937 = 62*992 inches = 5*25 feet ; 
the height of the triangle in feet 


area x 2 

length of base* 


12x2 A r *7 c 4- 
= 5-25 


X IQ 

the height in dcm. = —5:55;^ =13*93 = 139*3 cm. ; 


3*937 

the area of the triangle in sq. dcm. : 


16x13*93 


111*44. 
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Triangles and paraUelograms on the same hase and between the 
same parallels are equal in area. Thus, in Fig, 157 the triangles 
ABCy DBC^ and EBC^ all being upon the same base BC 
and between the sjiine parallels BC and DK, ai'e equal in 
area. As previously explained, the ai-ea of a square or rect- 
angular figure may be obtained by multiplying the length by 




the breadth. The area of a triangle is equal to a rectangle 
upon the same base anc of half tlie altitude, or, what is the 
same thing, to a rectangle having half the base and the same 
altitude. The rectangle BCDE (Fig. 158) is equal in area 

AF 

to the triangle ABC when the height BE is equal to By 

drawing to scale any triangle he length of the sides of which 
are given, the area can thus be easily obtained. 



Example 1. — To find the area of the parallelogram A BCD. 
(i’ig. 109). ^ . / ./ 

Multiply the length by the breadth. The fact that the angles 
are not right angles does not affect the result. Care must how- 
ever be taken to measure the breadth at right angles to the 
long sides. As the length is KX and the breadth is 6' the area 
is 10x6=60 sq. fe^. 
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Example 2. — Determine a square eqtial in area to a given 
rectangle. 

Let ABCD (Fig. ICO) be the given rectangle. Produce DC 

and make CE equal in 
length to BC, Bisect 
DEvit 0 and with OD 
as radius and O as 
centre draw the semi- 
circle DFE. Produce 
Cli to intersect tlie 
semicircle at F, Then 
CF is the length of the 
side of the square, 
l)ec;iuse VF multiplied 
by itself is equal to DCxBC. This example shows how square 
root can be worked graphically. 

Areas of Polygons and Irregular Figures. — An eas^^ way of 
determining the areas of polygons and of irregular tigiires 
which are bounded by straight lines is to sub-divide tluun into 
triangles, find the areas of these separately, and then add the 
results together. Tl^ can be done either by arithmetic or 
gmphically, the latter by preference. 

A rule applicable for finding the area of any regular polygon 
is to multiply half the perimeter by the perpendicular from the 
centre to any side. (The perimeter is the sum of the lengths 
of the linos bounding the figui-e.) 

Example 1. — To find the area of any given regular polygon, 
{eg, a regular hexagon of IV Me). 

(1) Arithmetically, — A regular hexagon consists of six e<j[ual 
equilateral triangles, in this case of 3' side. The area of each 
triangle is; 

•Je{s — a){8 — 6)(tf — c). 

Area of hexagon =0 x \/4 *5(4*5 - 3)(4*5 - 3)(4*5 - 3), 

=^6 X %/4*5 X 1*5 X 1 -5 X 1*6, 

= 6x\/i5T^, 

=6 X 3*697=23*38 sq. feet. 

(2) Orapideally. — Let A BODEF(^\^AQ'\ ) be the given hexagon 
drawn to scale. Tlie area of this figure is equal in area to the 


\ 
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rectangle ABHGy since the triangle AFE is deducted from the 
hexagon, and the two triangles and (7Z>£r which are together 

equal in area to AFE are 
added. By measuring the 
sides of this rectangle and 
multiplying them together 
the area of the polygon is 
obtained. 

Example 2. — To find the arm 
of a regular pentagon of 4' »idc. 

This is one of those ex- 
amples where it is difficult to 
apply arithmetic only in the 
solution of the question. By 
drawing the pentagon to scale, 
the perpendicular distance from any side to the centre is obtained 
easily. Then the ai'ea of the figure is obtained by multiplying 

the 1^-— by the length of this ])erpen(lic*iilar distance. 

... perimeter X 276 /r>x4\ 

Area of pentagon =■ x 2‘/6— 2< 6 sq, ft. 

Example 3, To find the area in sq, inchea of a regular octagon 
of(j' side. 

The area of this figure may l>o obtained by drawing it to 
scale, measuring the perjiendicular distance from any one side 

to the centre point, and multi- 
plying thir’ by half the perimeter 
of the figure. 

Another method is to find the 
S(|uare which contains the figure, 
find its area, and from this to 
deduct the aiea of a smaller 
square on the side BC (Fig. 162). 
This smaller square is equal in 
area to tht sum of the four 
j triangular corners which must 
be deducted from the large 
square to obtain the octagon. 

This question provides a good arithmetical example. It is 
firat necessary to find the length of side of the large square 
which encloses the figure. 
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To find the length of the side of a square whose diagonal is 6^ 
Let ^=the side j32 in the figure, then ; 

2a-®=6x6=36, 

^= 18 , 

a*= \^i#«=4‘24 inches. 

Tlie length of side of the large square is therefore 
= 4'24 + fi + 4-24=l4-48". 

Area of the large square - - = 14-48 x 14*48 = 209*67 sq. in. 

Area of small square which luust 

be deducted for the corners is 6x 6 = 36 sq. in. 

Leaves the area of the octagon equal to 173*67 sq. in. 

Example 4. — To fnd the area of a given irregular figure. 

Let ABODE (Fig. 163) be the given figure. The easiest solu- 
tion is to work it graphically, finding a rectangle of equal area. 

This is done by an application 
of the fact that triangles on 
the same base and between 
the same parallels are equal 
in area (Fig. 157, p. 93). 
Produce AB and join AD. 
Through E draw EF parallel 
to DA ; then the triangles 
AFD and A ED are equal, 
as they arc between the same 
parallels AD and EF and on 
the same base AD. Join DB 
and through C draw CG 
parallel to DB. Join DO. Then DOB and DOB being on the 
same base BD and between the same parallels BD and GO are 
of equal area. Tims, the triangle FDG is equal in area to the 
pentagon ABODE. A rectangle whose length is FG and height 

gives the required area. 

Generally the 8haf)e of the figure decides the method which 
it is advisable to adopt in the calculation of areas. If the 
surface is of irregular shape with straight sides, the area can be 
obtained by sub-dividing the whole sjmce into rectangles and 
triangles, calculating these sepai^tely, and^then adding them 
together. 


D 
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Example 5. — To find the number of square ifards of flowing 
required to rovei' the floor of the room (Fig. 164). 

Fiiicl the area of each of the lettered sfiaces separately and 
then add them togetlier. 



Area of space .1 — 15' 6" x 13' = 201 h sq. ft. 

(* X 2 - 12** ,, 

5 X 3 - 15 „ 

/>= 7 X 7 = 40 „ 

total area =277^ sq. ft. 

Circles and other Figures bounded by Curved Lines. — ^The 
radios of a ciicle is equal to one half the diameter, and the length 
of the circumference is obtained by multiplying the diameter by 
3'1416, which is H})|ji'oxiinately 3}. This number ia repi'esented 
by the Greek letter tt. Thus, the radius of a circle of 3" diameter 
is 1T> inches, and the circumference is 3x3*1416 = 9*4248 
inches. 

Example 1.- - W/oft is the length of the circumference of a circle 
of 4 feet radius / 

t/ircuinference = 27r/* 

= radius x 2 x 3*1416 

4' X 2 X 3*1416 = 251328 feet. 


Examplf: 2.— The girth at the middle of the length of the trunk 
of a tree^ which is circular in section^ is 10 feet, WheU is the 
radius? _ 10 


^Radius s 


3*1416x2 

D 


» 1*591 feet. 


M.C.J. 
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The radius of any segment of a circle, or circolar arc, may be 

obtained by squaring half the 
chord, dividing by the rise, 
^ adding the rise, and dividing by 
^two ; or (Fig. 165) 

Pio. 160. radius = 



Example. — ^yhat is the radi^ts of a circle the chord of uiiich is 
S' and the rise in the centre 2' it 




a ^ a^ 


a 2 2 z 

fl + 3 10 . , , 

= -^-= jj 

The area of a circle is obtained l)y squaring the radius and 
multiplying the result by 3*1416, or, area — 7 rr^. 

Example 1. — What is the area of a circle of A' diameter f 
2 X 2 X 31416 = 12*f>66 feet. 

Example 2. — /t circle has an area of 3 square fect^ what is the 
radius ? ^ 

Jladius = jg = Vo 9549 = 0-97 feet. 

Example 3.— IVte circumference of a circle is 12 inches, 
is its area 


What 


Diameter = 


12 


radius = 


6 


IT X 6-* 62 


■ IT- 31416 

— 11*4 sq. inches. 

Example 4.-- What is the area of a scmicircnlar surface the 
radius of which is 8 feet ? 

The area is half that of a circle of the same radius. 


Area: 


7rr2 3*1416x8x8 


2 


2 


= 100*53 sq. feet. 


Example 5. — y^hat ts the area of a quadrant (a quarter of a 
eirde) the radius of which is 6 inches f 
Areaof circle =6x 6 x 3*1416 = 36 x 3*1416. 

V *1*1 .4^1 a. 

Area of quadrant= ^ =9 x 3-1416 = 28-37 sq. inches. 
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Example 6. — What is the area of an anmilua {ring) the larger 
diameter of which is \0 feet and the stnaller diameter b feet. 

Area of annulus =ai'ea of large circle — area of small circle, 
r- [(5 X 5) - (2*5 X 2-5)] X 3*1416 
=(25-6*25)x3*1416==18*76x3‘1416 = 58*905 sq. feet. 

Example 7. — One side of the interior of a room is*l2 feet long^ 
and 10 feet high^ and contains a window-opening with a semi- 
n radar head. The width of this opening is 4' 6", and the total 
height of the mndoio is T 3". What is the exact area of the wall 
surface on this side of the room. 

Area of the side of the room ^ 12 x 10== 120 sq. feet. 

Area of rectangular part of window opening 

— 5 X 4*5=22’6 sq. ft. 

Area of semicircular f><irt\ (2-25)*^ x 3*141 6 _ 
of window opening j 2 

Total area of window opeiiing ~ 30*5 

Kequirod area of wall surface 120- 30*r)= 89*5 sq. feet. 

The approximate area of an ellipse (near enough for all 
practical ^mrposes) is r»l>tain(*d hy multiplying the product of the 
two axes by 0*7854. 

Example 1. — Jin ellipse has axes of 16 feet and 10 feet. How 
many square feet docs it cont dnf 

Area of ellipse — 16 x 10 x 0*7854=1 25 sq. feet. 

Example 2.— The inclined roof surface on one side of a hialding 
is 20 feet long^ and 16 feet wide rmasurea from eaves to ridge. In 
the roof surface is a rectangular skylight b' 3 long, 3 3 widcj 
arid also a circular shaft passes through it rvkich requires an 
elliptical sjmee 4' hy 3'. What is the area of the roof surface to he 
covered allo wing for these voids ? 

Total area of roof surfaces 20 x 16 = 320 sq.ft. 

Rectangular space for roof light -'5*25 x 3*26= 17’06 ,, 
Elliptical space for circular shaft =4 x 3 x 0*7864 =■ 9*42 „ 

Total area to be deducted =17*06 + 9*42= 26*48 „ 
Area of roof surface to Ikj covei'ed = 320 — 26*48 ■=293*52 ,, 

’ To measure the area of Irregrular surfaces which have curved 
boundaries, sub-divide them into rectangles or triangles of 
approximately same size, find the areas of these, and add 
them together. 
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GUBIO OB SOLID MEASUBE. 

Cubic, or solid measure, is involved in the calculations of 
quantities of timber, stone, etc., ipccavations of earth, sizes of 
rooms, buildinfjs, and in any qu^tions allecting mass. An 
illustration of the diiference between surface and solid meas\irc 
is seen by considering the various measiirenients of a lead-lined 
wooden cistern. Such a cistern is usually employed to hold 
water or other liquid substance, and the size will be regulated 
by the volume required to be stored. It may be that there are 
limitations as to length, or breadth, or the depth of such a 
cistern, any of which will alfect the other dimensions in obtain- 
ing the required capacity. Suppose the cistern to be 10 feet 
long, C feet wide, and 3 feet deep, inside measure. The ciduc 
content or the volume of water it will hold when full is 
obtained by multiplying together the length, the breadth, and 
the thickness, thus 10x6x3=180 cubic feet. On Ahe other 
hand, if the cpiantity of sheet lead required for lining this 
cistern, not allow'ing for joints, must be obtained, it is necessary 
t(» find the surface measurement of the inside. 

That is : two side^ each 10 feet by 3 fect= 60 sq. feet 

two ends each G feet by 3 feet= 36 „ „ 

one bottom 10 feet by G feet = 60 „ „ 

Total quantity required = 156 sq. feet. 

The amount of timber l equircd for the above cistern can be 
obtained only when the thickness of the material, and the kind 
of joints to be used in the construction, are known. 

Mode of calculating Timber. — In the buying and selling of 
timber the calculations of quantity are governed by trade 
custom. Logs, balks, and heavy l>eains are usually estimated 
in cubic feet, while i)1anks and boards may be reckoned by 
the square foot of specified thickness, or lineal foot of given 
width and thickness. The following standards are in general 
use : 

A Peterslrarg standard (which is the one chiefly used in 
timber calculations) of timber contains 165 cubic feet. 

Tliis is equivalent to 660 square feet of 3" thick, 
or 1980 „ „ 1" „ 

or 220 „ yards of 1" „ 
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A London standard, which is equivalent to the Dublin 
standard, contains 270 cubic feet, 

or 1080 square feet of 3" thick, 
or 120 ]>ieces eacli 12' long, 9" wide, and 3" thick. 

A load of siiwu or liewii tiiul)er contains f>0 cubic feet. 

A load of unhewn „ ,, 40 „ 

A square of flooring contains 100 square feet oi- lO'x 10'. 

Exami’I.e 1. — A Rqaarc balk of timber is 24 feet lovg, 24 inches 
wide, and 24 inches thivh. Ifow manif cubic feet of wood does it 
contahi ? 

Content in cubic* feet —24 x 2 x 2--9G cubic feet. 

Example 2. — IV/iat will he the price of a hall' of timber 30 feet 
lomj hi/ lG"x 10" at 2.s’. j[>cr cnhle foot? 

( 'on tent in cubic feet =^.30 x 1 J x 1 J — 30 x J x J — 53 

Price at 2s. per cubic foot — 53 J at 2s. — £5. Gs. 8d. 

Example *<^.--The dimensions of the differe^it scantlings in a 
king-post roof truss are as foil otvs: one tie-beam, 22'xl2"x5"; 
two pt'indpal rafter's each 13' x G" X 5" ; one king -post, T x 8" x 5" j 
two struts each G' x 3" x 5". Flow many cubic feet of timber does 
the above truss coiitaiii and how much will it cost at 2s. 2d. 
per cubic foot i 

Quantity of timber — 22' x l'xr)'' = 22 sejuare feet of 5" thick. 

2G'x ^'x .5"- 13 „ „ 

/ X ^ X 5 — 4S „ ,, 

i2'xi'xr»''= 3 „ „ 

42 ;; X == nj cubic feet. 

C(»st at 2s. 2d. per cubic fool= 17J x Js. 2d. - £1, 18s. Gd. 

Example 4. — ITow mang floor joists each 1 G' x 9" x 3" there 
in a Petersburg standard? 

The cubic content of each joist 3G' x J' x 3 cubic feet. 

Number of joists, 55. 

Example 5.- -/I Petersburg standard V flooring consists oj 
hoards all of which are 18' long and 6" wide. What ts the number 
\f hoards ? 

Each board contains 18 x ^ = 9 square feet ; 

number of boards = 1980 -- 9 = 220 boards. 

Each Iwar*! area of one square yard. 
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Examflb 6. — A wareJiouae U 70' long and 30' widt^ huid^ 
measure and three storeys high. The first and second floors are 
of timf)er; wooden hinders^ each 14" deep and 8" thick pimped 10' 
apart carry T hy T floor joists pldhd at 16" centreSy on the top of 
which rest rehated and filleted lioards for the first floor; and 
V' grooved and tongued hoards mi the second floor. Calculate the 
quantity and the cost of the maie^'ial required for these floors^ 
assuming pitch pine for the beams at 1«. 9(i. per ctthic footy and 
white deal for the joists and floor hoards at ijW. per Petersburg 
standard. 

A plan of one of these floors w ill show tliat with the binders 
placed 10' apart each floor will require six in number, and 
iissuming a wall hold of 9" at each end, each binder w’ill require 
to be 31' G" long. The plan will also show that with the joists 
placed at 15" centres 24 rows wnll be required, the joists in the 
end bays being 11' long to allow one end to rest on the end 
walls. 

Timber required : 

12 beams each 31' 6" x 14" x 8" -=^294 cubic feet at Is. 9d. 

-£2.5. 14s. 6d. 

Floor joists in bot^ floors : 

10 bays each containing 24 joists 10' long x 7" x 3" 

-10x24x10 = 2400 Jin. ft. 

4 bays each containing 24 joists 11' Jong x 7" x 3" 

~ 4 x 24 X 11 = 1056 lin. ft. ; 

3456 lin. ft. 

3456 X 7 

=2016 square feet of 3" stuff 
= 3 standards + .36 sq. feet. 

3 standards at £11 =£33 0 0 

.36 feet at 4d. =- 0 12 0 

£33 r2~0 

Area of lower floor =70x30=2100 square feet. 

Add for the shrinkage) _ 

of square-edged boards/ — ” ” 

2187i - j 

- g-- =243,»s sq. yds. 

£ll per staudard=ls. 6d. per sq. yd. of 1^" thick. 

243^^ sq. yds. of 1^" boards at Is. 6d. = £18. 4s. 7cL 
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Area of upper floor 70' x 30' = 2100 sq. feet. 

Add ^ for loss of widtli'l __ ^ 

and shrinkage / »* ” 

2275= 252 J- sq. yards. 

£11 per .standard — Is. per sq. yd. of 1" thick. 

252J- at ls. = £l2. 12. 9d. 

Summary: Cost of beaius -=£25 14 6 

„ joists = 33 12 0 

,, ir boards = 18 4 7 

1'' boards = 12 12 9 

Total £90 3 10 

Prism and Cylinder.— The content of a prism or a cylinder 
is obtained by multiplying the aitja of the base by the length. 

Example 1. — A nmghlj/ hewn trunk of a tree is of octagonal 
shape. The length is SO feet and the length of side of the octagon 
is 12", What, nnmber of eubic feet does it contain? 

First obtain the area of the ocUigon by the method explained 
on p. 95, Ex. 3. Til is gives the side of a square containing the 
octagon as 29" long, and the area of the octagon as 4|5 square feet. 

Cubic content of the balk~4{; x 30 = 145 cubic feet. 

Example 2. — The hewn trunk of a tree.^ octagonal in sectioft, is 
3' across (from side to side), and 18' long. Find the number of 
square feet of 2!' stuff it will gield. 

It will be necessary first to find tbo length of the side of an 
octagon in a square of .T side, Ex. 3, p. 95. 

This gives a length of side of octagon as 1*24 feet. 

The area of the octagon is 7*45 s(j[uare feet. 

The cubic content of the balk— 7 ’45 x 18 = 1.34’! cubic feet, 
and it will yield 134*1 x 4 =5.30’4 scpiare feet of 3" stuff if no 
allowance is made for the waste, inevitable in such a polygonal 
section. 


Example 3. — A balk of timber wlu.,‘h is square in section is 
27 feet long., and contains 48 (ndne feet. Witat is the size of the 
seetion ? 

Area, of the end in square * 
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Example 4. — Find Hie cubic content of a circular tank 10' deep 
and 8' m diameter. 

Area of end=:4 x 4 x 3‘1416 = 50*266 square feet. 

Cubic content of tank = 50*265x^0 = 502*65 cubic feet. 

When measuring and calculating the contents of balks of 
timber that are smaller at one end than the other, with a 
gra^lual taper, the usual practice is to take a mean of the breadth 
and the thickness, and multiply together this and the length. 
Tliis result does not, liowever, give the exact content, but it i.s 
considered sufficiently near for all practical pur})oses. 

Example 1. — A rectangular balk of timber is 20' 0" long, 
18" hi/ IG" at one end, and 14" />// 12" at the other. What number 
of cubic feet does it contain? 

Mean breadth, ^ ~ ^ 1 0" =: 1 J 
Mean tliickness, ^ ~ 1 4" = ] J ; 

= = oulmifeet. 

Example 2. — The trunk of a tree 30' long is 2' 6" in diameter 
at one end and V 6" at the other. How man^ cubic feet does it 
contain ? 

Mean diameter, — 

Area of section ~1 x 1 x 3*1410—3*1410 square feot. 

Cubic content = 3*1410 x 30' — 94*248 cubic feet. 

Pyramid and Cone. — The cubic content of a pyramid or 
cone is obtained by multiplying the area of tlie base by one-third 
of the vertical height, i.e. 

. , area of base x height 

content = ^ — 

3 


Example 1. — An cquilatend-triangular-hased pyramid of 0" 
edge is 9" high. How many cubic inches does it contain? 

Ai*ea of base 

=Va(a -a)(«-6)(«-c)=\/9x3x 3 x 3=^243 = 1 5*58 sq. ins. ; 
.*. content = - - ~ =r= 46*74 cubic inches. 
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Example 2. — A Aea^tgional pyramid of 41 aide is W high. Cal- 
culate the cubic content. 

Area of J of base (an equilateral triangle of 4' side) 

= - a)(« - 6)(« - c) = s!h X ¥x2x 2 = \^48. 

Cubic content of pyramid 

= 20 X 6*92 138*4 cubic feet. 

Example 3. — A cone ha.^ a ha^e 32" in diameter and is high. 
What is the cubic content? 

Area of base — 6® x 3*1 41 6. 

- 0x0x3*1416x16 1 - • v 

Content of cone-- — =603-18 cubic inches. 

o 

Sphere. — To find the cubic content of a aphei*e, multiply 
the cube of the diameter by one-sixth of 3-1416, i,e, 

content — d^x 0*5236. 

o 

Example. — What is the cubic content of a sphere ofW diameter? 

6 X 6 X 6 X 0-5236= 1 1 3 09 cubic inches. 

A ready and accurate method of finding the volume or cubic * 
content of any irregnilar solid of small size is totally to immerse 
the solid in water, using foj the purpose a receptacle, the capacity 
of which can be easily niea.sured. The volume of water displaced 
will be equal to the cubic content of the solid. 


Questions on Chapter IV. 

1. (a) What is the difference lietwcon the; English and the raetnc 
system of measurement? (5) What is the nietvio equivalent of 
14 in. ? 

2. What is the metric equivalent of 4- square feet? 

3. Determine the square root of (a) 289 ; (5) 3721 ; (c) 69606. 

4. Find the length of the diagonal of a scpiai-e of 12 ft, side. 

5. A 20 ft. ladder when in position jii.st reaches to the top of a 
19 feet wall. How far is the foot of the ladder from the foot of the 
wall ? 

6. Buildin^f which » are 12 ft., 16 ft., 30 ft., and 43 ft. wide 
(outside moasuremont) respectively have central ridges at heights of 
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4 ft., 7 ft., 14 ft., and 20 ft. respectively above the vail levels. 
Find in each case the length of the common rafters. 

7. What is the area in English^ measurement of a rectangle 5 
metres long and 3 metres wide ? 

8. What is the area of a triangle having a base 4 metres long rtuI 
an altitude of 3 moires ? 

9. Dcsoribo a hexagon within a circle of i of an inch radius, and 
find how many feet superficial that hexagon would represent to a 
scale of §■ of an inch to 1 ft. 

10. A room is 25 ft. 6 in. long, 13 ft. 6 in. wide at one end, and 
18 ft. 4 in. at the other. What is its area ? 

11. {a) What is the area of an octagon having a side 3 ft. long ? 
(&) Make an irregular pentagon, and construct an oblong of equal 
area. 

12. Make an irregular heptagon and I'educc the same to an oblong 
of equal area. 

13. The chord of a circle is 12 feet ; the rise in the segment is 
2 feet. Find the radius of tlie circle by figures, 

14. A window is 5 ft. 6 in. wide, and the head rises 10 in. from 
the springing line ; the curve is the segment of a circle. Find the 
lengtli of the radius Ijy arithmetic. 

15. It is required l!b make a cylindrical framing for a tank which 
is 5 ft. 9 in. in diameter ; the framing is to be 3 in. from tlic tank 
and 7 feet high. Find the superficial area of the fraFuing. 

16. What is the cubic content of a balk of timber 4 ft. square at 
one end, and 2 ft. 6 in. square at tiic otlicr end, and 10 ft. long? 

17. A balk of timber is 20 feet long, 15 inches by 15 inches at one 

end, and 12 inches by 12 iiiohcs at the other. What would be its 
price at 2a, per foot cube ? •'* 

18. Find the cubical content of a hexagonal prism of 10 ft. axis 
and 2 ft. side. 

19. What is the cubic content of a hexagonal prism of 3 ft. edge 
and 7 ft. long ? 

20. What is the cubical content of half a regular hexagonal 
pyramid of 2 feet edge and 5 feet liigh ? 



CHAPTER V. 


TOOLS. 

General Remarks.— Tlic took twcd by tlie carpenter and 
joiner are of so vai’icd a character timt a special consideration 
of the manner of usiii<? them, and of the means of 8harpeiiinj,j 
and otherwise keeping them in order is necessary. It is of the 
greatest iinijortance, as all exy)erience<l craftsmen know, to have 
tools of the best material, and to use them with the grctatest 
care, so that they can be relied upon for durability and accuracy. 
All edged tools should be of evenly tempered steel, so that they 
will retain fora reasonahle time the sharp edge required for use. 

Machinery is now extensively used in the preparation of the 
timber for all kinds of woua work. Besides facilitating working, 
this renders unnecessary many tools and appliances wdiich were 
formerly in use. 

The Training of the Eye. -One oi’ the fii*st objects of the 
intelligent workman should be to train liis eye to estimate 
dimensions and to judge whether lines are straight and surfaces 
are truly plane. This power can only be obtained by capful and 
conscientious practice. 

MEASURING AND TESTING TOOLS. 

The one-, two- and three-foot rule, tlio tape or chain imamre 
and wooden Btoves or rods of various lengths, are the usual means 
by w’hich measurements are made. The two-foot rule used by 
the wood- worker generally has the inches sub-divided into 
eighths and siixteenths. In work of large dimensions, carefully 
graduated rocfe?( which can be made by the workman himself) 
are pi’eferable to either the rule or tape measure, as by their 
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einployinent more accurate results uj‘e obtained. Tn preparing 
such a rod of, say, 12 feet in length, it is best to lay two-foot 
rules end to cud (using two rules'Ji instead of using only one rule 
and marking with a pencil. 

The Measurement of Angles.— In the nieasurenjent of 
angles, or irregular surfaces, it is best to divide the surface into 
triangles, and to iiLeasure the sides ^ ith the graduated rods 
mentioned above. 

Testing Tools. — Testing tools may be considered under two 
headings : those nsed in the w’orkshop in the preparatif)n of all 
kinds of framing and other benchwork ; and tlu'se employed on 
the building or in the erection of any structure. The straight- 
edge^ w hiding strips^ irg-sipiare^ sliding herei, marking gange^ 
and compasses are amongst the testing tools used in the bench 
work. The object of these is to test for straightness, size, and 
accuracy the material employed. 

The atraight-edge. — The best material for sliort straight- 
edges is steel. Wooden straight-edges —made from straight- 
grained wx)od that does not twist, preferably yellow pine or 
mahogany — are, however, generally used. 

Winding strlpB are also made of w^ood that is not likely to 

twist. They are from 18 to 



indies long, 2 to 3 inches 
wide, and about ^ inch thid-t ; 
they have parallel edges, and 
are n.sed when “trueing-iip” 
the surface of the wood witli 
the plane. 

The try-square (Fig. iG6) is 
used for testing whether sur- 
faces are at right angles to 
eadi other, as Well as for draw- 


ing “square” lines (/.c. at right angles) for setting-out purposes. 

'The sliding bevel (Fig. 107) is simihir in character to the try- 
square, but has a loose blade. It is used when surfaces or line.s 
not at 1 ‘ight angles to each other are i‘e(|uired. 

Different kinds of gauges are used : the marking gauge 
(B'ig. 168), which has only one marking point, is employed for 
marking lines parallel to the edge of the wood which is to be 
worked. A morUae-gauge (Fig. 109) has two adjustable marking 
|X>ints, and is used when two ])aral)e1 lines are required, aa in 
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the setting out of framing with mortise and tenon joints. The 
cutting gauge has a cutting blade instead of a marking ])oint. 



A thuml) or set gauge can easily be made by the workman wlien 
a repetition of similar lines is necessary. 

For curved work the compasses are necessary. Fig. 170 shows 
a [)air of corn[)assos fitted 
with a radial arm or wing, 
of use to eonnc(;t the tv\ / 
legs to prevent their slipi)ing 
during use. 

For larger work a pair p,o. i70.-CompH«,cs. 

of trammel pins is needed 

(F^ig. 171). The length of the rod used is determined by the 
radius of the cui ves rccpiired. A simple though crude substitute 
for the ti'aiiimel pifis, or compasses, may 
be made by fixing two bradawls at the 
ends of a ix)d of wood. 

The testing U used by the carpenter 
for fixing framing include (in addition 
to those above described) the spirit levels 
the plmnh-mh^ plumh-linCy and chalk- 
line. 

The spirit level (Fig. 172) consists of a 
small sealed glass tube containing spirit. 
Fio. 17 J.— Trammel Pins, made that the enclosed bubble of 
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air occupies a certain position only wlien tlie instrument is 



Fio. 172. — ijpirit I^ovol. 


placed horizontally. It is usually mounted in a wooden frame 
fi'oui 8 to 12 inches long, and is genetully used in conjunction 


Fxa. 



with a long pamllel straight edge, to 
determine wdiether surfaces are level. 

The plumb-line (Fig. 173) is of assistance 
to determine whether walls or upright 
timbers are vertical. It consists of a string, 
at the lower end of which is a metal weight, 
generally lead, called a plumb-bob (Fig. 174). 
For convenience in practice, tlie string or 
plumb-line is fastened at tbe upper end to 
a parallel straight-edge which is from 4 to 
6 feet long and 3 to 5 inches wide. This 
str<iight-odge is marked with a centre line 
down its length, and has a hole cut near the 
bottom, in which the bob swings. A straight- 
edge so fitted is called a plumb-rule. During 
the fixing of carpentera* and joiners’ work, 
the spirit level, straight-edge, and plumb- 
rule, are indispensable testing tools. 

Tlio chalked line is useful for a variety of 
pui’poses. When a long straight line is 
requii*ed between two points and the 
straight-edge is either 
not available or is too 
short, a straight line nuiy 
be obtained by chalking 
a length of string, fixing 
it on two jKunts, pulling 
tight, and then raising 
the string and sharply iT 4 .-piurab.tH.b. 
letting go. The line is 



^aiid ^ guide and aid in many fixing 
operations. 


Geometrical Tests*— Many simple geometrical principles are 
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applied in workshop tests. Amongst them may l)e mentioned 
the following ; 

To obtain a right angle, it is only necessary to draw a triangle 
whose sides are in the proportion of 3, 4, and 5 (p. 88) ; the 
angle op];)osite the longest side is a right angle. 

Again, to test whether a piece of framing is truly rectangular 
(or in workshop phrase “square”) measure the lengths of the 
diagonals ; if they are equal, the corners are right angles. 

CUTTING TOOLS. 

The Saw. — It is very necessary that the blades of all saws be 
of the best spring steel, of uniform hardness, evenly tempered, 
and slightly thinner at the back than at the cutting edge. 



Fi<;. 17.").— TTaiul Saw. 

The rip saw, used for entting wdth the grain, that is, in the 
direction of the fibres of the wood ; the cross-cut saw, for cutting 
.across the grain (at right angles to the fibres) ; and the panel 
saw, used for fine work, are all of the shape shown in Fig. 175. 
The chief difference^ in these saw^s lies in the shape and size of 
the teeth on the cutting edge. 



Pro. 176, -Rip Saw Tootli. 


The rip saw, usually 28" long, has the teeth points from 0"'3 
to 0"-4 apart, or about 8 teeth to 3'^ of length of blade. Tlie 
shape of tbs tooth is shown in Fig. 170. The front of the tooth 
is at right angles to the cutting edge of the blade. 
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The 4sro88-cut saw is usually 26'" long ; the teeth are smaller 
than in the rip saw — about 4 points to the inch — the front 
of the tooth being inclined at an angle (from 65® to 76®) to 



Fin. 177.— Cross-out iSaw Tcuth. 


the rutting edge, as shown in Fig. 177. Many modifications in 
the shape of the tooth of the cross-cut saAV are to be found, Hindi 
as the peg -tooth (Fig. 178) and the lance-tooth (Fig. 1#9). While 
these teeth may produce better results, and cut inoic easily in 
soft wood, or when used with dry timber, the ordinary tooth 



Fig. 178,— Pog-tceth. Fio. 179,— Lance-tocth. 


(Fig. 177) may be considered the most satisfactoiy for all-round 
work. 

The panel saw has teeth similar in shape to those of the cross- 
cut saw, but much smaller in size, — from 6 to 8 jioints to the 
inch. 

The ** set** on a saw. — Tf the teeth were exactly in the plane of 
the blade, the friction or “binding” against the fibres of 
the wood w'ould render the free w^orking of the saw almost 
impossible. 

To lessen the friction between the wood and the blade, the 
points of tlie teeth are bent slightly outwards, alternately to one 
side and then to the other, so that the resulting cut is wider 
than the thickness of the blade and thus gives “clearance” in 
working. The distance whkdi the points project beyond the 
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place of tlie blade is called the set. The amount of set required 
depends upon the kind of material to be operated upon. The 
bending (setting) is done either by means of a nail punch and 
hammer upon a block of hard-wood, or with a special appliance 

named a “ saw-set.” Figs. 
180 iiud 18) show two 
diflcit'iit types of saw-set. 

The rip saw requires 
less set than the ci’oss- 
cut saw owing to the 
fibres of the wood being 
parallel to the direction 
of the saw cut, while the 
saw used in the woik- 
sliop— generally upon dry 
material — does not require so mucli set as t,he saw' employed 
by the car[)enter on rough and sometimes iinseast.ned timber. 
The less set there is on tlie saw— providing it will clear — 
the more easily tlfh saw will work. The .set on ea<'h side 
should never exceed half the thickness, so that at the most 
the width of <3ut is not more than twice the thickness of the 
blade. 

The hack or tenon saw (Fig. 182) has a thinner blade than tlie 
“hand” saws above desc. 'bed. Tlic blade is 12" to 16" long, 


Fio. 182. —Tenon Saw. Fn:. — Duvutail S;iw. 

3" to 4" wide, has about ten tooth-point.s to the inch, and 
has the back edge of the blade stiffened by an iion or brass back, 
the blade being thus kept rigid, ’'he shape of the tooth is 
intermediate between that of tlie rip and the cross-cut saws, as 
the tenon sjxw is chiefly used for fine bench work, which consists 
of cutting both with and across the giain, as well as in oblirpie 
directions. 

The dovetail saw (F'ig. 183) i.s similar to the tenon «iaw, but Is 
of smaller and has smaller teeth. Its use is confined to 

very fine work. 





Fio. 181.— Siiw-sct. 



Fio. iso.— S iiw-sot. 
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llie bow or tninlngr law (Fig. 1B4) has a thin nan*ow blade held 
in tension by a wooden frame and string. Tt is used for cutting 
cuiwed surfaces, its narniw blade allowing for the necessary 
turning movements, ^ 

The compass saw (Fig. 185), and the pad saw (Fig. 186), have 
narrow tapering blades, and are used for curved surfaces in 
circumstances where the bow saw would be inapplicable. 



Fjo. 18C.— Pad Haw and Handle. 


A two-handled saw (Fig. 187) for cross-cutting large balk.s 
of timber, has a bj^de from 4 to 7 feet long, 5 to 8 inches wide, 
with large teeth of shape shown in Fig. 1 78. 

The sharpening of saws. — Saws for hand use are sharpened 
with triangular files of size varying with the size of the teeth. 
The ease and accuracy with which a sfiw cuts depends largely 
upon the care bestowed on the setting and sharpening. Some 



Fio. 187.- Two*li.mdlcd Crosa-ciit Saw. 


experience is required to obtain satisfactory leaults. All the 
teeth sliould be set evenly, be of uniform size, and have their 
points in a perfectly I'cgular line. Rough usage of saws often 
causes tliem to be strained or buckled. Tliese defects can be 
remedied by careful hammering. It is very advisable, however, 
that this process be deputed to the ex^iort, as any unskilled 
attempt may ruin the tool. 

Planes.— A plane is a tool which derives its name from its use 
in the prepaiation of plane surfaces. 

A wooden plane consists of the following parts— a reotangular 
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stock (generally of beech wood by reason of its even grain and 
freedom from warping tendency), the face or %ole of which must 
De accurately phvne (true). Fixed by means of a wedge, and 
guided by the stock, is a steel cutter 
(plane-iron) (Fig. 188) wliich projects 
slightly beyond the sole, and makes an 
angle of about 45“ with it. When planing 
cross-grained, or knotty wood, where the 
fibres of the wood are not parallel to the 
surface being operated upon, the cutter 
has a tendency to “pluck up” the grain. 

This plucking tendency is lessened by a 
guard called a back- or cap-iron which is 
fixed, by means of a screw, to the face of 
the plane- iron. Tlie back-iron is the same 
width as the plane-iron, and capable of 
ad j ustnicrit to different distances from 
the cutting edge, according to the kind of work and the cliaracter 
of the material. By setting the back-iron very close {e,g. to 
the cutting edge, the plucking tendency is reduced to a minimum. 
In addition to this, the back iron stiffens the cutting iron and 
thereby lessens vibration or “chattering”; it also serves to, 
break the shaving as it entera the mouth of the plane and thus 
prevents choking. 

Tn planes used for working hard wood it is advisable to hav*^ 
the plane-iron set into the stock at a steeper pitch than for soft 
wood, usually about 55“ to the sole o» the plane. 



Fio. ]S9. — Jack Plano. 


The constant wear of the sole of a wooden piano necessitates 
an occasional trueing-up of its surface. The result of this is to 
increase the, size of the mouth, and produce a less effective 
guiding of tlitt^ ehaviiigs as they are removed. 

The Jack plane (Fig. 189), about 16" long, the txylaff j^ane 



Fin. IS8.— Cutting Iron 
for W udjii Plane. 
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(Fir,^ 100), 22" long, and the smootlilng idane (Fig. 191), 9" long 
are the usual bench jJanes. Of these the jack plane is used 



Fio. UK). — Trying Plane. 


foi- roughing off ; the trying plane for trueing up ; and the 
smoothing plane is used for finishing tlie surface. 

'Hie accuracy and snio()thnc.ss of 
planed surfaces depend iipctli the con- 
dition ill which the idane-iron is kejit. 
Plane-irons are from 2" to 2J" wide, tlie 
cutting edge is ground at an angle of 
from 20® to 25*’ with the face, and the 
sharpening angle varies fiorii 25® to 40®. 

Tlic jack plane- iron should have the 
cutting edge slightly convex, as shown 
in Fig. 192 ; the result of this is that the plane takes off 
shavings that are thicker in tlie middle than at the edges, 



T’lo, 101. — Smoothing- Plano. 



Fio. 192.— Cutting Iron for 
Jack Plane. 



and the corners of the iron do not plough into the wood. 
The irons of the trying and smoothing planes should be squai*e 
across, excepting at the corners, which must be slightly rounded 
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as in Fig. 193. If the cutting edge of these is curved as in tlie 
jack plane, the finished planed surface will have a wavy appear* 
ance and show in an objectionable manner when the surface is 
painted or varnished. 

Iron planes, or combination iron and wooden planes, are now 
supplementing wooden planes to a large extent. The advantage 
of these planes over wooden ones lies in the fact that the sole of 
the plane does not wear, and therefore does not get “out of 
truth ” ; the mouth of the plane consequently always remains the 
same size. Again, in these planes the cutter is lield in position 
by means of cither a screw or a lever, and the adjustment is 
therefore easier and inoi*e aceui’atc. 



llM. — Iron Plane. 


The cutters of iron planes arc thinner than tliose used in 
wooden planes and thus a .saving of time in both the grinding 
and sharpening is effected by their use. 

For the best class of work, iron t lanes are decidedly better 
and eajiable of giving more accurate results than wooileri planes. 
Disadvantages lie in the fa< t that they are heavier, and when 
used in the multifarious work required by the carpenter when 


fixing, tliey will not hear the rough usage to which wooden 


planes are subjected. Fig. 194 is a 
typical example of an iron piano. 

The panel plane is intermediate in 
size between a jack plane and 
smoothing plane. 

A Jointing plane is an extra long trying 
plane, chiefly used >vhen great accuracy 
is required, as in jointing the edges of 
boards which have to be ^ue<l together. 



The fM>inpftOT plane (Fig. 195) is u.sed for working concave or 
hollow surfaces, and tbeiefore has, in the direction of its length, 
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a convex soJe. Fig. 196 shows an iron adjustable circular plane 
which is an improvement upon the wooden compass plane, as it 



Fio. 196. — Adjustahlc CornpaRs Plane. 


can be adjusted readily to 
any required curve. 

I'he rebate plane (Fig. 
197) has a cutter equal 
in width to the width of 
the plane. Tlie cutter is 
placed at an oblique angle 
with the edge of the sole 
of the plane, the rutting 
edge being straight. Its 


use is confined to the planing of sunk surfaces such as rebates. 
The length of this plane is about 9'" and its width vai-ies from 

A plougb (Fig. 198) is a plane used for making grooves in 
the direction of the grain of the wood. ITiis is a somewhat 



Fui. 197.— llolwifco Plano. 


Fi(i. 198.— Plongli. 


complicated tool and consi.sts of a stock which holds the 
cutter, and a movable fence which is secured to the stock by 
means of two arms. These arms are either screw^ed or held 
wnth wedges. The cutter, which varies in size according to 
the size of the groove required, is held in position by means 
of a wedge. A second iron fence, used to govern the dcptli 
of groove required, works with an adjustable screw against 
the stock. 

The bnllbose plane (Fig. 199) is a small plane having the cutter 
as near the front end of the sole as possible. 

Other planes such as the mih-JUluter (Fig. 200), cMriot 
(Fig. 201), roufer (Fig. 202), ^ead (Fig. 203), oro/o, touting ^ and 
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grooviHff and almost iniiutiiei'abie moulding planes, are used for 
special purposes in band work. 



Fio. 201.— CliR riot llano. 



Fio. 199.— Uiilltioao Plane. 




Fio. 200.-Hash Fillister. Yia, 202.— Koutor ur “ Old 

Woman’s Tooth.” 

The spokesliaye (Fig. 204) is a special kind of small band plane 
used for finishing curved surfaces. 

Sharpening. The cutting edge of the plane-iron or chisel is 



Fiu. 203.— Bead Plane. Fio. 204.— -4, Spokoahavo ; a, Spoke 

ehavo Iron. 

obtained by first grinding, and afterwards rubbing upon an 
ell-*8toae. The. oil-stone is of even texture, should not be too 
bard, and asciis name implies is kept lubricaited with oil. 
‘‘Washita” and “Arkansas” are among the different kinds of 
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oil-stones in general use. Tlie grinding angle of the cutter is 
fTOni 20" to 26" ; the sharpening angle varies from 26" to 40\ 
becoming slightly greater each time the tool is sharpened. 

Small oil-stones called “ slips are used for sharpening the 
concave (hollow) cutting edges that are found in bead and hand 
moulding plane cutters, the spokeshave, and other tools with 
curved cutting edges. 

Chisels. — These may be divided into paH'ng and 

mortising chisels^ and gouges. Chisels are niadedii all sizes from 



Fio. 205. — Types of Fiimor Cliisels. Fiu. 200.— Paring Chisel, 

one-sixteenth of an inch to 2 inches in width. They consist of a 
steel blade w'ith the cutting edge at one end, and a “tang,” on 
to wliicli the wowieii handle is fitted, at the other end. The 
firmer and paring chisels are similar in shape (Figs. 205 and 20G), 
the only difference being that the firmer chisels are a little 
stronger than the paring chisels to withstand rough usage and 
the occasional use of tlie mallet. 

Faring chisels often have bevel edges as shown in Fig. 206. 

IffortUe chisels (Fig. 207) ara much stronger than firmer chisels, 
as they ai’e subjected to 11101*6 rough usage in the making of 
mortises. 

Oongm (Fig. 208), are chisels with curved cutting edges ; the 
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cutting edge may be ground on the hollow or on the rounded 
surface. The grinding angle as well as the shaq^ening angle of 
chisels are the same as in the plane irons (p. 116). 



Pia. 207.- Mortise Cliisel. Kkj. 208.- Cioujro. Fjc. 20!> — S.»ck ‘tod (li{.<iel. 

The slip is used for sharpening gouges. 

Socketed chisels (Fig. ^69) instead of having a tang, are pro* 
vided with a socket, into which the liandle fits, at the upper 
end. 

The handles are of hard wood : box, beech, and ash l)eing 
used. A brass ferrule is usually put on the louver end of the 
chisel handle to prevent it from splitting. JIandle.s of chi.sels 
that have to be used for very heavy \v\»rk with the mallet are 
often hooped at both ends. 

Other cutting tools, such as the cre/^c— used chietly by 
ship-builders — and the draio-knife (a tool used by coach* 
builders), need no detailed description. 
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BOBINO TOOLS. 

Brad-awl and Gimlet. — The;, brad-awl and gimlet are two 
of the simplest kinds of boring t^>ls. Tlie method of their use 
also illustrates the principle of most boring bits. The brad-awl 

(Fig. 210) has a wedge- 
shaped cutter, and requires 
wHI the exertion of pressure 

VjjHl during its use. Care must 

be exercised to have the 
VR cutting edge across the 

H| fibres, or it w'ill be liable 

HH 3 to split the wood. Tlie 

1 gimlet (Fig. 211) has a 

J S screw feed, and therefore, 

I a instead of a pressure a 

« . rotary movement is 

ne(!essary. 

Brace and Brace-bits. — Boring is, however, generally per- 
formed by the bi^e, and brace-bits. By ineaus of the brace, 
the principle of t^e lever is applied to exert an increased force 


Fia. 211.— Gimlet. 



whereby the brace bit is easily forced into the wood. Many 
different types of brace are in use ; perhaps one of the best is 
the ratchet brace (Fig. 212) in wdiich the turning movement 
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may effected by a rack. Thie brace enables boring to be 
done in corners, and other awkward |>oaitiona where the 
ordinary circular movement of a brace could not lie applied. 

The shell (Big. 213) and nose hits (Fig. 214) ai*e very similar ; 
in the latter, a projecting nose assists in clearing the hole, 
pie iiosc-bit is sjiecially suitable for boring holes 2" to 3" deep 
in the direction of the grain of the wood. The Swiss-bit 
(Fig. 215) has a spiral point. These three bits are chiefly used for 
boring for nails and screws ; their diameters are from to i". 



The centre bit (B^ig. 21 C) has three separate catting parts. Its 
boring diameter varies from J" to Ij". It is a clcan>cutting 
tool, but requires pressure during the operation, and if the holes 
to be bored are more than 2" deep it is liable to become choked 
unless the accumulating chips are frequently removed. 

The anger bit (B'ig. 217) exists in many forms. Its helical 
shape renders it suitable for most work, except in very hard 
woods. Its central guide point has a spiral screw feed ; this 
renders boring ficross the grain possible with very little pressure. 
When boring ivtth an auger bit in the direction of the grain of 
the wood, pressure is required, as the screw feed alone is not 
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Btrong enough to the bit into the wood. The “ Forstner ^ 
bit (Fig. 218) is useful for flat bottom or angular boring. 

Expanding brace bite (Fig. 219) are also to be obtained. Tliese 



Fni. Forstner Hit, Fio. SIO. — RxpatiHion 

Brucc-bil. 



Fig. 220.- Auger Bit. 


are capable of adjustment within certain dimensions, and prove 
very useful tools. 

Other brace bits, such as the s<n’ew drivei' hit, countersink hit 
(for iron and wood), rimm, etc., are also used. For heavy 
work, ancfer bits with long steins are used (Fig. 220) ; they are 
provided with wooden handles for turning ]mrposes. 


VICES AND CRAMPS. 

Bench Vice. — ^Tlie woodworker’s bench is usually provided 
with a vice for holding tlie material being worked. This vice is 
fixed against the side of the bench at the left hand end. Many 
different kinds of vice are in general use, some of these being 
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of antiquated and primitive character. Othera, of more recent 
invention, are valuable time-saving appliances. The wooden 


screw, which is about 3'' in 
diameter, is one of tlie old 
type. A steel threaded screw 
is sometimes used instead of 
the wooden screw. In either 
case, the screw passes through 
the wooden jaw of the vice. 
Many patent vices are now 
on the market. Some of 
these are called “ instan- 
taneous-grip,” because they 
are fitted with a ratchet that 



allows the jaw of the vice to 221.- Floor Crump. 


be drawn out ; when the spring is released the screw comes into 
action. It is reasonable to expect that a good bench-vice will in 
a short space of time rejiay its cost as c()ni})ared with that of the 



Fio. 222. Fio. 223. Fir.. 22^.— Floor Cmmp. 

Types lA Sash Cramps. 


etc. ; for cramping floor boards ; for holding down work on the 
bench ; and for ’ hiany other purposts.' Figs. 222 iind 223 show 
two kinds of sash cramp. Each consists of a steel bar with an 
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adjustable shoe at oue end, and a jaw attached to a screw* 
threaded shaft for tightening up as required. Sash cramps are 
made in a large variety of si^s and strengths to suit their 
diiferent applications in the nxing together of structures. 
Figs. 221 and 224 show two types of floor cramp. This 



Fio. 225.— 0 -Cramp. Fio. 22G.— Bench Holdfast. 


appliance is so constructed that it will clip on the edge of the 
floor joist, and foi’ce the boards into position. Other* crumps, 
such as the 0-cramp (Fig. 225) and the bench holdfast (Fig. 226) 
are too well known to require description. 

SUMMARY. 

Tools should not only he of the host materials, but should he kept 
constantly in g<M}d order. 

Tltc commonest measuriiig tools arc the ra/e, or chain 

meamtre^ and tjraduated rods. For testing the straightness and 
accuracy of work, the straight try square, sliding bevel, gauges, 
compasses, spirit-level, ^umh rule, chalked line, etc., are used. 

Among cutting tools are the various types of saics, planes, and 
chisels. Saws require the teeth to be “ set to obtain clearance in 
cutting. They are sharpened with a triangular file. Planes and 
chisels ore first gnmnd to an angle of 20° to 25°, and afterwards 
repetvtedly sharpened upon the oil-stone, the cutting angle varying 
from 25° to 40°. 

Boring .tools inchide the l/rad-awl, gimlet, brace and htv>ce hits, and 
awjer. Thei*o arc many tyi>es of brace bit. 

For holding in position tlio material which is being worked, and 
08 an aid in putting together framed structures, vices and cramps 
are itadispeusable. 
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Questions on Chapter V. 

1. Make sketches of a try-square, a sliding l>cvel, and a mortise 
gauge. State for wliat each of those tools is used. 

2. Clive a description of the teeth of a rip saw, and of a dovetail 
saw, and state tlie reason for their shapes. Make a sketch of a 
plough, and state the )mrposes for which it may ho used. 

3. What is meant by tlie set on a saw ? WJial will be the effect 
of using a saM' witliout set? Show by sketehes the ainount of set 
required for (a) a hand oross-tut saw wlien cutting rough unseasoned 
timber ; (/>) a rip saw for flitting dry stuff. 

4. Make sketches, and deserihe the folloM'ing tools and ihoir 
uses : tenon saw, spokeshave, ami smoothing plane. 

5. (a) Make a skt‘toh of a jack plane. What is the object of the 
cai> or hack iron? {h) Doserilie tlu* sharpen! tig of a ei*ntro hit, and 
its cutting action. 

6. Make skelc'hes and describe the uses of the folluM’ing tools : 

(1) Trying plant*. 

(2) SnKwthiiig plane. 

(3) Beads. 

State why (2) is sometimes fi'.ifd with an iron fact*, and how (3) are 
used and sharpened. 

7. Show by sketches the cutting edge of {«) a jack plane iron, 
{h) a smoothing plane iron, (r) a firmer chisel. State approx iiimfoly 
the grinding and the sharpening angle. 

8. Deserilie fully with sketelies the eiittiiig edges of the follf>wing 
tools, and explain the proper method of shai'pening each ; firmer 
chisel, mortising chisel, gouge, one kind of earving ttwl, trying 
plane, rebate plane, rip saw, spokeshave. 

9. State for wliat purposes the folio wing biols ;oe used : firmer 
chisel, back saw', jack plane, router, siile fillister, chariot piano. 

10. State for w'liat purposes the following tools are used : chisel, 
tenon or liack saw, gouge, jack plane, snuMithiiig plane, trying 
plane, rebate plane, oiu woman’s tooth, plough, sash fillister, 
trammel. 

11. Describe the following tools and tlu‘ir uses. Give sketches : 

(1) Draco oiid different forms of bits. 

02) Bow salr. 

(3) Firmer chisels and gouges. 
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12. Describe the form and use af ton ordinary kinds of bit for use 
with a hand brace. 

13. Give a short description pf six ordinary tools used by the 
carpenter and joiner. 

14. State the difference l^etwceii a sash cramp and a floor ovamp. 
Make a sketch of each kind. 

15. De8cril)e the t(X)Is in your possession^ their nses^ and the 
special advantages of any not in every-day use. 



CHAPTER VI. 


WOODWOEKING MACHINEEY. 

General. — The use of woodworking machinery is iiow^ so 
extensive and so general tiiat many of the hand tools requu'ed 
by the craftsman of tliirly years ago have become obsolete, and 
are unknown to many workmen of the present day. The 
demand for labour-saving appliances has led to the making of 
machines which are capable of petforming almost every opera- 
tion necessary in woodworking. Sawing by reciprocal frame, 
by circuhn * h and siiws : planin g - -c itbe r-one, two, o r all 

four sides at the same ti me ; mou lding in a lmost everjr con- 
ceival>le de.sign, either straight or cjnwecljKoiik-; mortising . 
tehyrnlhg. dovetailing^ trenching, even Bandpa])e rin g^ as well a s 
box nailing, are all operations capable of being performed with 
machinery at the ])resent time. Indeed, machines OAlled “general 
joiners ” are to be obtained which are capable of several different 
operations. 

The very great variety of woodworking machinery prevents 
more than a casual reference to some of the most important 
types. 


SAWING. 

Vertical Log Frame. — The vertical log frame saw is a very 
heavy machine, capable of sawing logs up to 60" in diameter. 
It has a movable carriage which ctirries the material to be 
sawn, and is provided with a feed motion. This carriage 
works through a strong iron fiarne into which the saws are 
fixed. The saws W'ork with a reciprocal— up and down — motion. 
Many of these n^chines arc capable of holding as many as forty 
M.C.J. E 
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fiawfi at once, and thus of converting the log into this number of 
boards at one feed. Of coui*se, a frame with a large number 
of saws requires a considerably amount of driving power, and 
entails a slow feed ; still, these are compensated for hy the 
advantage of conver'ting a large log at one operation. Fig. 227 



Fio. 227.— Vortical Log Frame Saw. 


shows a type of vertical log frame said to Ik*, underdriven ; that 
is, the crank which works the saws, and consequently all 
the driving part of the machine, is below the saws and the 
carriage. Fig. 228 shows a similar machine having the driving 
gear at the top. 

Beal Frame. — A much lighter machine of a similar type to 
the vertical log frame, known as a deal frame^ is used for cutting 
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dealfl and plankn into thinner hoards. The use of this machine 
is considered more economical than that of the circular saw, Iwth 
as re^^ards production and economy of material when the timber 
ia being cut into several boards ; for, in the first place, a number 



Fio. ‘22<i. “Vortical Frame 8«iw. 


of saws work together, ainl, secondly, the saws, being in tension, 
ai‘e thinner tlian tlie average circular saw, and tlnis eiitiiil less 
waste of w'ockI. Many different types of this machine exist, and 
Figs. 229 and 230 are good examples. The main feature is that 
a strong fram^^curries a iiuml>cr of vertical saws which have a 
reciprocal motion. Fig. 229 illustrates a donhh deal frame — 
that is, one in which two deals can be saw^n at the same time. 
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Pig. 230 shows a ungle deed frmne^ a inacliine wliich only allows 
of one deal being passed through the machine at once. The feed 
of these machines— that is, the n'l^ans adopted for diuwing the 



Fi<*. 22J'.— Dt^uble Dciil Fr.iinc Saw. 


material into the machine— is obtained by geared rollers which 
grip the material to be sawn and draw it into the machine. 

Horizontal Log Frame. — The horizontal log frame consists 
of a frame holding a reciprocating saw which works to and fro 
in a horizontal dii'ection. Occasionally two saws are used at 
the same time. This machine is also provided with a movable 
earriage, upon which the log to be cut is placed. This carriage 
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is fitted with a feed motion capable of being reguiated to suit 
the travelling speed of the material towards the saw. Figs. 231 
and 232 illustrate this class of machine. In Fig. 232 two saws are 
shown in position. An advantage claimed for this machine over 
the vertical type is that it always allows of the log being 
examined during the cutting, and therefore of regulating the 



Fio. 230.— Siiiiflc Dual Fiuine Saw. 


thickness of each board according to th,e quality of the timber. 
It is well known that defects which would not impair the value 
of planks three inches thick might prove detrimental in boards 
under one inch in thickness, especially when sawing up choice 
hardwood logs for panels, furniture, etc. 

Cross-cut Saw. — A reciprocating cross-cut saw used for cross- 
cutting large lu^ and balks of timber is illustrated in Fig. 233. 
It is specially adapted for use in the timber yard, or engineering 



Fio. 232.— Horljsontal Loig Frame San 
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worlcfl, where much cross-«eutting is done. The saw has a 
reciprocating motion and cuts with the inward stroke. 



Flo. 234 .— ‘liouvy Bund Saw for cutting Logs and Balks. 


hold the saw in tension. Fig. 234 shows a very strong type of 
band saw and frame used for the conversion of heavy balks 
and logs of timber. This illustration shows the saw cutting in a 
vertical position, the log being carried upon a movable carriage. 
In some of these machines the pulleys are fixed on either side 
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of the machine, so that the runs horizontally and cuts 
horizontal slices off the top of the log. The sawa used in this 
claas of machine are from G" to 8" in width. As they run at 
a very rapid rate and are oontinuoui^y cutting they get through 
the work more quickly than the log frame saw. Fig. 235 



Pio. 2.'J5. — Uaml Hjiw with Gunrod Roller Feed. 


illustrates a band saw and frame, fitted with a geared loller 
feed ; it is used for sawing deals into l>oards. 

Lighter band sawa are very largely used for cutting cui’ved 
work of almost every conceivable design ; the sawa vary consider- 
ably in width and may be as narrow as oue>eiglith of an inch. 
Such band sawa liave heavy cast-iron frames to carry the 
pulleys around which the saw runs. Figs. 236 and 237 show 
two types, one of which is pi*ovideil with a motor for driving 



Fia. 236. — Hanri Suw with 
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purposes. The feedin^^ of the material in these saws is done 
by hand, and in niOHt cases the table, which is from 3 to 4 feet 
square, is capable of being tilted. 



Fio. 238.— Circular Saw Shaft and I)caring8. 


Circular Saws.— (>ircular Sfiws are more extensively used 
than any «)thera for the mass of c»rdinsiry sawing. ^J'he general 
arrangement is to have a lieavy cast iron frame, the top (table) 
of which is smooth and perfectly j)lfine, and a short shaft (as 
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illustrated separately in Fig. 238) which runs in bearings under- 
neath the table. The circular saw is fixed upon this shaft and 
runs in a slot in the table. In most cases either the shaft 
carrying the saw, or the top of the table, is constructed so that 
it can be adjusted — raised and lowered. This allows of accurate 
setting for any depth of saw cut that may be required, and is of 
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tlie greatest importance for general work. The size of the 
frame is proportionate to the size of tlie saw used and the 
charsicter of the work to be executed. Circular saws vary in 
size from 7 feet to a few inches in diameter. With the larger 
saws the frames require to be very heavy. 

As the amount of power ie(|uired for drivings circular saw is 
considerable and increases with an increase in the size of tlie 
saw, it is always advisable to use the smallest size of saw that 
is capable of performing the work required. 



Fj«. 240. — Circiibiv Saw ncut'li with IhidJul Arm Ki»llcr Feed. 


The speed at which saws are driven varie.s with the size 
of the saw ; the circumferential velocity kIiouUI not be less than 
iKlOO feet per minute. For example, a circular saw of 12 inches 
in diameter should make about IJOIX' revolutions per minute. 

On the top of the table is arranged a movable fence again.st 
which the timber slide.s wlien the machine is being used for 
dimension sawing. The face of this fence, which is from two to 
three jFeet long, is parallel to the blade of tlio saw, and the fence 
is adjustable, generally by means of a screw and hand wheel. 
This is showifi in Fig. 239, which illustrates a type of circular 
saw bench in general use. The fence is aiTanged generally so 
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tliat it can bo tilted fur sawing the edges of timber at other 
than right angles. In the heavier machines the fence as well 
as the top of the table are often provided with rollers pro- 



Fia. 242. — Circuliir Saw Duncli with Movable Table. 

In the conversion of heavy material with circular saws, some 
mechanical feeding arratigemeiit is necessaiy. Several different 
devices are in use ; among these is a radial anu carrying fluted 
rollers which ai'e driven with chain geai* ( Fig. 240) ; a rope or 
chain drag as shown in Fig. 241, which also shows loose 
carriages for supporting the ends of long timbers ; while in 
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some of the heavier machines the table is of considerable 
length and runs upon rollers as illustrated in Fig. 242. 

Saw Tecrtrh. — In botli fiume and circular saws, the saws 
used vary in thickness according to their size and the nature of 
the material being openited u])on. As the frame saws are held 
in tension they are usually thinner than the larger circular 
saws. 

The size and sliapc of the teeth of saws used in machine 
Avork are also regulated by the kind of material to be cut and 
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the manner in which it has to be cut. The larger the teeth, the 
ronglier are the cut surfaces, especially if any attempt is made 
to force the 'work through the machine. Fig. 243 shows 
a typical shape of lo<>th used fur cutting soft wood such as 
}une and deal. For hard wood such as oak, birch, walnut, 
etc., a tooth with less liook, fis shown in Fig. 244, is more 
suitable ; while for cross cutting, the shape of the tooth 
more nearly approaches that of the hand saw (Fig. 246). 
Many variations from these shafies are in common use, and 
are the subject of considerable differences of opinion among 
experts. 

As explalsjed in the remarks upon hand saws (Chap. V.\ 
the teeth of saws reqtiire to be “set" in order to give the 
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necessary clearance in cutting. Tin’s is clone either with the 
pene hammer and block, or with the saw-set. Tljere are one <»r 
two types of circular saw however, that do not require setting. 
The swage saw is a type of circu^r saw which is used for sawing 
very thin boards. This saw is much thicker at the centre than 
at tlie circumference, and has oik? face of the saw perfectly true. 



Fio. 240.— 'Tyi^c cif Sftw SliariKiiuiig Msichine. 


The result is that the saw-cat is very thin, and cousecpiently 
the waste of iiiat€jrial is very little, and the clearance is 
effected by the giving way of the thin board which is cut oft. 
Such a saw does not require any set ; it cannot be used for 
cutting thick pieces of timber. 

Another tyf)e of circular saw that does not require setting is 
the hollow-ground saw, a saw which is chiefly used for cross- 
cutting purposes and for other special work. This saw is 
thiqker at the circumference than at the centre. 
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Tlie teeth of frame and circular saws are aharpenod either 
with the file or with the emery wheel. When aharpeiied with 
the file, the teeth reipiire periodically gulletin>^ (re-cutting to 
the proper shape), as the point only of the tooth is filed during 
sharpening. When the emery wheel is used, the size of the 
teetli is kept coiistaut, and no gulleting is necessary. Figs. 246 



rui. 247.-Tyj)c uf Siiw Mui'hiiic. 


to 248 show three different types of emery wheel used for saw 
sharpening. The emery wlieel is also used for sharpening the 
oiittei's of planing and moulding machines. 

Large circular saws require considerable skill in their inani- 
pulation in order to obtain the best results. The packing ” of 
a circular saw in the slot in which it works is a necessary opera- 
tion, and requires great cure and judgment. Tlie f>acking consists 
of hempen cord folded around a piece of wood, and must be 
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exactly of tbe required tbicknesft to prevent any straining of 
the saw. Frequent oiling of tbe packing also serves as a 
lubricant to the saw. 



Fio. 248.— Tyi)C of Saw Sharpniing Machine. 


PLANING MACHINES. 

Planing machines are used to convert the sawn material into 
the exact sizes required, and to make the surfaces smooth and 
true. To attain tliis result, steel cutters are mounted in strong 
cast iron frames, either as stationary cut.ters, or so that they 
revolve at a very rapid rate. Tl»e revolving cutters are 
mounted upon square or specially shaped steel blocks, which are 
either part of the shaft itself or are fitted accurately upon the 
shaft. The cutters must be secured firmly with bolts, and 
arranged so that they accurately balance each other, as they 
revolve at a very rapid rate, and exert a considerable centrifugal 
force. It is very essential that the bearings of such machines 
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be of the best material, and that they be kept lubricated 
constantly. 

Surface Planer. — The simplest kind of planing machine 
(Fig. 249) is one that has cutters bolted upon a revolving 
spindle, and projecting slightly above the top surface of the 
table. The speed of this shaft is from 3000 to 4000 revolutions 
per minute, and the material is slid along the top of the table 
until it is brought in contact with the cuttoi-a. Such a machine 
is called a surface planer ; it has two cuttei's varying from 12 to 
18 inches long, which balance each f»ther, and are secured with 
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bolts to the shaft. Tn some machines these eutter& are straiglit, 
and work at right angles to the edge of the table ; in others the 
cutters are so arranged on the block that they have a helical 
cutting action. Tn Fig. 249 the top of the table is adjustable 
by means of the inclined slides, and is regulated with the hand 
screws to govern the thickness of the shaving to be taken off. 
Ill some machines the shaft carrying the cuttei’s is adjustable 
for the same purpose. A movable fence which can, if necessary, 
be tilted at other than a right angle, is ai-ranged on the top of 
the t^ible, and by its aid surfaces either at right angles to each 
other, or at any other angle (greater than a right angle), can l>e 
readily plauieid. Although this machine is perhaps the most 
effective for surface planing, and is useful for rebating and 
M.C.J. 
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chamfering, it is not economical when used for large quantities 
of material requiring to be iinishod of exactly the same size. 
Tlie feeding of such a machine is genemlly done by hand. 

Panel Planer. — A heavier i^achine named a panel planer has 
revolving cutters capable of taking a width of 30", and working 
in a heavy cast iron frame. This machine has a mechanical 
feed arrangement in the shape of fluted rollers which are fixed 
almost dii’ectly above tlie cuttei's, and are geared to regulate 
the speed of the feed. 

Thicknessing Machines. — Fig. 2r>0 shows a machine having 
superposed tables, one of which is placed below the cutter 
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block and one above it. The former is used for carrying the 
timber to be planed to a definite thickness, and can be raised or 
lowered to suit the thickness required. The timber is fed 
under the cutter block by means of feed rollers ])laced before 
and behind the cutter block. The upper table is used for 
surface planing, and is fed by hand. It is capable of taking 
material up to 24" in width «aud 6" in thickness. 

Figs. 251 and 2.52 show two ty]>e3 of a lieavier and more com- 
plicated ma(‘hine, which is capable of planing all four sides of 
the same piece at one o])eration. The cutters that plane the 
edges are mounted on vei’ticjil spindles. Such machines are 
provided with gear-driven fiuted rollers, wliich draw the 
material into the machine and foi’oe it through. This class of 
machine will take in material up to 24" by C", and is used 
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Fia. 208.— Planing and Moulding MocWuo. 
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extensively for preparing floor and niatcli boards with either 
square, grooved and tongued, or rebated edges ; and skirting 
boards, ete. 

Many of these machines ha^ stationary cutters fixed in the 
machine ; these produce a better finished surface than the 
revolving cutters. This is es[)ecially the case with machines 
constantly used in the pre])anition of floor and match boarding. 
Such machines are capable of producing this class of work at 
tlie rate of from 80 to 100 feet per minute. 

Moulding Machines.- -Moulding macliines are planing 
machines in which the eulteis are shaped so that the planed 
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material pa.ssing through them is of ornamental (hfsign. The 
shape and design of the moulding produced is only limited by 
the impossibility of jireparing “ undercut ” mouldings by this 
means. (It is often advisable, in order to save material, that the 
timber used for moulding.^ should be sawn to other than 
recUingular shape, and, also for economical reasons, it is often 
desirable to build up largo mouldings by preparing them in two 
or more separate pieces. Many such machines (Fig. 252) are 
made •with the top cutters carried upon a canting spindle. 
This allows of the cutters l)eing fixed upon the blocks, so tliat 
they do not have an unnecessary leverage or projection from 
the block.) 

A vertical spliidle moulding machine consists of a stand or 
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(table, upon which is arranged a vertical shaft which carries the 
cutters. With such machines the material requires to be pre- 
viously plane<l to the required size, and only one surface can be 
moulded at one time. An ad>^ntage of this class of machine is 
that curved surfaces of alnK)st any i‘adii can be ti’eated as easily 
as .straight ones. Such imichines are, as a rule, hand ft^d, and 
have a reversible motion to suit tlie grain of the wood. Fig. 253 



i'li;. Level Mortising- Mai'liino. 


is an illustration of this cla.ss of machine. Fig. 254 shows a 
machine that can be usea for either moulding— straight or 
circular — housing, trenching, therming, rece.s.sing, etc. It is 
specially fii)|)li<;able to such work as the trenching of the string- 
l>oai‘ds of stairs, the j)re])aration of laised panels, of rectangular 
or polygonal shaped st air-balusters, and other similar work. 

Tenoning Machines. — As most framing is held together with 
mortise and tenon joints, both tenoning and mortising macliines 
are largely used. The tenoning machine (Fig. 255) consists of 
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a fi'anie which holds two sets of cutters working opposite each 
other, and capable of adjustment to suit varying thicknesses of 
tenons. The cutters are mounted on blocks, so that they have 
a helical-cutting action. Additional sniall cutters are also fixed 
upon the blocks which cut tlirough the fibres at the shoulders. 
The table upon which the material is held by means of a lever 
is provided with a lateral motion, and is fitted with guides. 



Flu. and Horing Machine. 


A Mortising Machine is used for making rectangular holes 
(mortises) in framing. Fig. 256 shows a ty]»e of hand morti.siiig 
machine, in which a strong chisel is given a reciprocal — up and 
down — motion by means of the lever. The table is fitted with a 
hand wheel for holding the material, and works in slides which 
allow both a longitudinal and a lateral movement. Fig. 257 
shows another machine, which is fitted with boring apparatus in 
addition to Uie mortise chisel. Fig. 258 shows a power mortising 
machine, where the motion of the chisel is obtained by means 
of a crank. Boring apparatus is also fitted to ^ this machine. 
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Another type of power mortieing macliiue is shown in Fig. 259 l 
T ins consists of an endless link chain of cutters which has a 
continuous motion. Tlie eiittei’s arc brought down to the work, 
which is fastened upon the ^ble, by means of a foot lever. 
Fig. 260 shows a boring and slot-mortising machine, in which 
the >>oi'ing bit works in a horizontal position. An examination 
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of the illustration will show the various movements of which 
this machine is capable. 

Vi-j^^Bdmbination Machines. — A class of machine very suitable 
for small workshops where a variety of w'ork — but not sufficient 
in quantity to warrant separate machines for eadi kind of work 
—•is executed, is known as a general Joiner. Figs. 261 and 262 
fdtow two different views of sucli a machine. It is capable of 
dimension sawing to 6"^ deep, surface planing to 12'^ wide, thick- 
hettung small stuff,’’ variety moulding, tenoning, boring, and 
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slot mortising. The circular saw table is held in slides against 
the stand, and is provided with a screw and hand wheel for 
raising and lowering. The table is fitted with loose plates, so 
that upon their removal it can tlip lowered beneath the spindle 
or shaft which carries the saw. This sliaft is so arranged that 
the saw can be taken off, and either cutter block and cutters for 
thickness planing, moulding cutters and block for moulding, or 
tenoning block for cutting one side only of a tenon, can be 
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fixed. A fluted roller feed is fixed on the bench, and springs 
and guides are used for thicknessing or moulding, wliile a special 
apparatus is used for cutting tenons. Appliances are also 
supplied to act as guides in cross-cutting. 

The surface planer has the cutters fixed by bolts upon the 
shaft that carries the saw, and the table of this is raised and 
lowered upon inclined slides by hand wheels. It is provided 
with a ipovable fence which can be set at any angle (greater 
than a right angle) with the surface of the table. By using 
this fence, and lowering the front t»ible. “rebating” of any 
reasonable dimensions can be done. The left hand end of the 


GENERAL JOINER. 


155 



Fig. 263 .— Ooiieral Juincr. 
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spindle is drilled and provided with auger bits for boring, 
Another table having a luistng and lowering nioveiuent, and 
both a longitudinal and transverse movement, holds the material 
to be bored. Special bits are ^ovided whereby slot mortises 
with circular ends can be made. 

Another type of general joiner is illustrated in Fig. 263. The 
saw spindle in this machine is capable of being raised and 
lowered, and the machine will carry a saw of [iny size up to 20" 
in diameter, and cutting 7" deep. Tenons can be cut by placing 
two equal-sized saws upon the spindle at the same time, and 
having a washer between them to gauge the thickness of the 
tenon. The shoulders of the tenons are cut by two small 
circular saws carried on vertical adjustable spindles which can 
also be arranged for cjirrying cutter blocks and cutters for 
circular moulding, or they can be removed easily when not in 
use. The planing is done with revolving cutters ; the machine 
will take in material up to 11" wide and 4" thick ; it can be 
used for moulding ; it is provided with a rising and falling 
table for thicknessing, and it has a self-acting roller feed. 
Boring and mortising appliances are also fitted as shown, a 
table being provided to hold the material being opciated upon. 

Summary. 

Handwork in carpentry and joinery has been largclv superseded 
by the use of machinery. 

Sawing is done with : the lot/ frnim mv\ which is arranged to cut 
either horizontally or vertically ; aaim for cutting cur\ ocl 

surfaces ; and circular mws for the mass of ordinary work. 'J’he saws 
are best fdiarjnmed with the ornery udiocl. 

Planing xnacliineB are class(;d as surface jjlanersy thichiessimj 
machines, and moitldintj machines. They are provided usually with 
revolving cutlers, and arc self -feeding. 

Among other useful wood -working machines are the tenoning and 
mortising machines and the general, joiner. 


Questions on Chapter VI. 

1. Compare the advantages and disadvantages of using a vertical 
and a horizontal log frame Siiw in the conversion of logs into boards. 

2. Desorilie the different types of Imiid saw', and state tlm 
purposes for which each type is most suitable. 
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3. What is tho advantage claimed for the band saw fiver the log 
frame saw in tho outting of logs into planks ? 

4. Mako a sketch of the ordinary type of circular saw bench. 
What are tho most important points to examine \^hcii selecting 
such a machine ? 

5. Deaerilio tho special differences to be found in the feeding 
arrangements of different tyj^ics of circular saw bench. 

6. What should he tho speed of the shaft carrying a circular saw 
%vhen the diameter of the saw is (a) 15 inches ; (fi) 3 feet ? 

7. Mako sketches showing the shape of the teeth of circular saws 
to be used when outting (a) softwood, in the direction of the grain ; 
{b) hardwood, in the direction of the grain ; (r) softwood, across 
the grain. DescriVie how the tectli are sliarpened. 

S. What is meant by a “surface planer''? What disadvantages 
has this machine Avhen ootnpared witli other types of planing 
machine ? 

9. Dcseribe tlie general arrangi^rneiit of the cutters and the 
feeding apparatus of a jilaiiing or moulding machine siutjiblc for use 
in the preparation of floor boards, .skii’ting boaids, etc. 

10. Describe the constriu;tion, and the general working, of a 
vertical moulding machine. State I ho .special advantages claimed 
for this maoJiinc. 

11. Describe the different types ot hand and power mortising 
macliine. 

12. Describe briefly the eonsiruction, and fully the uses of, wliat 
you consider tho nio.st valuafilo machine in a joiner's sliop. 

13. Give the names and uses of any machines used for saving 
labour in a joiiiei’s shop with which you are acquainted, and 
de.scribe fully tluj one you consider the mowst valuable. 

14. Describe the (U)ii«truction and all the (lilfercnt iihcs of a 
gcno»*al joiner, and state how many men can work at it at the same 
time; or, 

Desoribo the construction and usc.s of a ]plaiiing machine and 
of a spindle machine. N.T5. Oue nlfaritnfivc JtaJf of this gKestion 
only to he taken. 



CHAPTER VII. 

JOINTS AND FASTENINGS. 

Onc of the most important duties of the carpenter and joiner is 
the fitting togethcM* of timber iii such a manner that the com- 
pleted structure may have the gieatest possible strength, and 
be as little liable to shrinkage as the nature of the materials 
permit. The methods used vary considerably, but tlu,*y fall 
naturally into gmups according to the underlying ])rinciples of 
construction. Wljeii the coiiiiection ‘ is eflfected entirely hy 
means of the timbers fitted together, it is called a joint. Most 
commonly, however, the joint is .strengthened and secured hy 
fastenings, such as iron dof/Sy holUy iron atraps^ voarh-SiravSy Irifu, 
wedgesy wooden pinSy scrmvny nailsy ^xfinty ghWy etc. 

Principles Governing the Construction of Joints. - Ibo 
principles governing tlie construction of joints liavc Ix'cn laid 
down by Profe.ssor Ilankine^ as follows : 

I. To cut the joints and arrange the fastenings so as to Aveaken 
the pieces of timber that they connect as little as possible. 

IL To place each abutting surface in a joint as nearly as 
possible perj)endicular to the pressure which it has to transmit. 

III. To proi)orti(>n the area of eacli abutting surface to the 
pressure which it has to betir, so that the timber may be .safe 
against injuiy under the heaviest load which occurs in practice ; 
and to form and fit every pair of surfaces accurately, in order to 
distribute the stress unifonnly, 

IV. To proportion the fastenings, so that tliey may be of 
equal sti'ength with tlie pieces w'hioh they connect. 


Manual of Civil Enpinecrwff, hy Prof. Haiikinc. (C. Griffin k Co.) 
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V. To place the fastenings in each piece of timber so that 
there shall be sufficient resistance to the giving way of the joint 
by the fastenings shearing or crushing their way through the 
timber. 

In nearly all ciises simple joints are nioi^e effective than com- 
plicated ones. The latter are not only difficult to fit, but are 
very liable to be affected by the shrinkage of the timber. As 
fully explained in Chap. I., timber shrinks more in a direction 
tangential to the annual rings than radially, while in the 
direction of the length the shrinkage is so small as to be 
negligible. 

Classification of Joints. — Joints may be classi5ed in a 
general w«ay as follows : 

I. Those used (chiefly in the caipenter’s heavier w'ork) for 
the lerigtliening of beams and other timbers. Iliese differ in 
arrangement according to the stresses (p. ICO) to which they are 
to he subjected ; they include lapped^ hdoedy and srarfed. 

n . Those used for joining timbers not in the same straight line. 
This class embraces a very wide range of joints, including those 
used in such heavy carpentry structures as gantries, temporary 
scafl'olding, roof and other trusses and floors, as w(‘ll as the joints 
of door and w'indow-sash construction, panelled framing, 
drawer construction, etc. These joints include lap^ wortise arid 
U?wn, bridled^ riotc/ied^ cujfjcd, housed^ treiichvd^ miircdy Jceyed^ 
dotetailad^ etc. 

Ill, Those used for connecting boards in the same plane, 
such as floor- and luatch-boaiding ; they include edyes-ahot^ 
grooved and tovgiied, grooved and jiUetedy rebated^ do welled^ etc. 

Deside the above there are (piitc a number of joints wbith are 
suited to special circumstances ; many of these can best be con- 
sidered with the construction to which they are specially 
applicsible. 

The above joints can l)e.st be studied in detail under the 
heading of (1) Caryieiitry Joints, (2; Joinery Joints, although 
many of them are equally applicable to both branches. 

CJarpentry may be considered to embrace the framing together 
of tlie rougher and heavier timbers used in the construction of 
buildings, or other timber structures such as bridges, spec- 
tators’ stands, centres, etc. 

Joinery includes the W'oi’k done at the bench, in the prepara- 
tion of the finished woodwork of buildings, such as panelled 
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work (including doors), 'w^indow-frames, staircases, cupboaids, 
partitions, etc. The distinction between the two, if one need 
be drawn, lies in the fact thsU^ the carpenter does not in general 
require to use the plane in his work, whereas the joiner works 
almost entirely in wrought or planed stutf. The timber used 
for joiners’ work obviously requires to be moie thoroughly 
seasoned than is necessary with that used for carpent^3^ 
Timber is considered sufficiently seasoned for carpenters’ work 
when it has lost one-fifth its weight ; for joiners’ work a one- 
third loss is necessary. 

Stresses in Beams and Framed Structures.— Beams and 
framed structures when loaded are subject to various stresses, 
which must be taken into account iu arranging the joints 
connecting the members. The methods of determining tlie 
amount of stress in the various members of a framed structiiie 
will be explained in ('Jhap. XI 1. 



Fio. S!04. — Boani cut Lo Uhi^trato Strensos. 


Stress and Strain. — When a weight, or any other force, acts 
upon a beam, it tends to change the shape or size of the beam. 
The force is technically called a stress, while the change in 
shape or size is called a strain. When a beam, or girder, 
supported at both ends, is loaded, the upper part is compressed 
and tends to shorten. ITie lower j>art, on the other hand, is in 
a state of tension, as it tends to stretch. The force acting on 
the upper part of such a lieam is therefore a compression stress ; 
that on the lower is a tensum stress. 

The existence of these stresses may be made vei*y apparent 
either by making a saw-cut across, or by actually cutting out a 
wedge-shaped piece from, the middle of a beam of wood for 
half its depth, as shown iu ITig. 264. On resting the beam on 
two auppoi'ts with the cut edge uppermost, and then loading it, 
it will be seen that the saw-cut closes. This shows that the 
fibres on the upper side are in a state of compression. If the 
same piece is now turned over so that the saw-cut is on the 
lower side, and again loaded, the tendency is for the cut to 
open, thus showing that the fibres on the lower side are in a 


JOINTS AND FASTENINGS. 


161 


Btate of tension. Fig. 265 gives another illustration of tension 
and compression stresses ; it shows three piecses of timber such 
as might be used in a simple roof trues. It will be readily 
seen that when a weight is placed at A the two members AB 



and AO tire in a state of compression caused by the weight, and 
tend to shorten, wliile the tie BO prevents the lower ends of 
and AO from spreading, therefore BO is in tension and has 
a tendency to stretch. 

Shearing Stresses. — A sliearing stress is one where the fibres of 
the wood exhibit a tendency to slide over one another. An 



example of this is shown in Fig. 265, where the tendency of 
the rectangular piece forming the abutment of the joint to 
split off in the direction of the grain is shown at B and 0 by 
the dotted lines. Shearing may take place with or across the 
grain ; thus,'Wooden pins driven through joints, or bolts used for 
connecting joints together, are subjected to shearing stresses. 

p 
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Wooden Beams and Girders. — ^A beam which spans an 
opening and is supported at each end is known as a gMm or 
breBstinimer. Wooden beams;, may be used as girders and are 
often put in as “whole timSters.” It is better, however, in 
order to make the girder of uniform strength to proceed as 
follows : 

(1) Saw the beam lengthwise down the middle ; 

(2) turn both pieces so that the sawn surfaces are outside ; 

(3) reverse one of the pieces lengthwise so that the butt tnd of 
one half is against the top end of the other. 

The reasons for (1) and (2) are that they allow of inspection 
of the inside of the beam, and the detection of any defect that 
may exist ; and (3) that timber is stronger at the lower or butt 
end of the tree than at the top end. The two pieces shoiiUl 



Fjq. 209, 
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then be bolted together at intervals of from 2 to 3 feet, wnth 
packing pieces between them, the bolts being placed near tho 
upper and lower edges alternately. 

Flitohed Girders.— A girder of the kind described in the 
last paragraph is frequently strengthened by inserting a wrought 
iron or steel plate called a flitch between the tw'o pieces and 
bolting the whole together. The flitch should be at least half 
an inch narrower than the wooden beams, in case any shrinkage 
takes place in the latter. Such a combination is named a 
flltched girder (Figs. 2G6 and 267). To prevent indentations 
being made by the bolts in the wooden beams, there should be 
large plate washers under botli the head and nut as shown 
in Fig. 267. 

Triused Girders. — When space will allow, a girder is often 
constructed of several pieces joined to form a framework called 
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a tamsB. Wooden beams are also strengthened in various ways 
by means of wrought-iron bolts and plates of wrought or cast 
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Details of Iho Ends of Trussed Girders. 


iron, and by wooden or cast-iron compression members called 
struts. Such beams are also called trussed girders. Figs. 268 to 
273 are examples of different types of trussed girders. In Figs. 



Examples of Trussed Girders. 

272 ahd 273 the bolts shown by dotted lines would be i*oquired 
if tlie load were placed upon the lower member. 

LengtlieiliTig of Boams. — It often hapjjens that wooden 
beams are required longer than they can be obtained in 
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single pieces. The joint used for lengthening such beams 
varies according to the purpose for -which they are to be used, 
as well as according to the stresses — tension, compression, or 
shearing — to which they are to Be subjected. 

A lapped joint is formed when one beam overlaps the other 
for a certain distance. If the beams jire to be subjected to a 
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I lU. 274. 



Fi(i. 279. 


compression stress, or are liable to a cross strain, iT'on straps 
may be used for connecting them (Fig. 275), If the >>eam, 
when in position, will bo under the influence of a tension stress, 
then bolte are preferable (Fig. 274). 

When two beams abut end to end, the joint is named a flslied 
joint and the cover plates are called fish-plates. With beams 
“in tension” the fish-plates of wood may be sunk, or tabled^ 
into the main beam, as on the upper edge of Fig. 277, or they 
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may liave hard- wood “ keys ” driven into trenobee cut into hdth 
beams and plates as shown in Fig. 278, and on the lower edge of 
Fig. 277. If iron fish-plates are used, the ends of the plate 
may be turned into the wooden beam for a short distance. 
This lessens the stress on the bolts, but reduces the strength of 
the beam. Care should always be taken that the indentations 
in the beam are not opposite each othei*. 



Efevat io 

Fio. 280. 



Plan. 


Fig. 282. 

Soarfcfl Joints. 

The joints just described are all clumsy in appearance, and in 
many positions would appear very unsightly. The scarfed Jotot 
is much neater, though not so strong. Figs. 280 to 28^ show 
different forms of the scarfed joint. In the simplest (Fig. 280) 
each piece is cut away for half the depth and is secured by 
bolts. Fig. 281 shows a very coiiimon form of scarfed joint 
used for' l>i>ams, which when in position will be in tension. 
The wedges Wy Wy of hiird wood are used to tighten up the joint. 
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thus rendering bolts unnecessary. The weakness of this joint 
lies in the tendency of the triangular pieces ABC to shear off. 
The maximum strt-ngth is secured when the length of AB is 
about seven times that of Stronger scarfed joints are 

shown in Figs. and 285. Such scarfed joints are suitable 
for beams which are to be subjected either to tension or to 
compression stresses. The length of the scarf will depend upon 
the material used ; the length may be diminished, and the 
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Elevation. 


Fig. 2R5. 
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Scarfud .ToiiitB. 


strength of the joint increased, by using fish-plates and bolts. 
Fig. 283 is a sketch of the cut end of one beam of the joint 
shown in elevation in Fig. 282. Fig. 284 is a corresponding 
sketch of Fig. 285. Scarfed joints of a design suitable ff)r 
resisting cross-stress and tension are shown in elevation in 
Figs. 286 and 287. 

Haivingr. — Halving consists of cutting the ends of each piece 
to half the depth and securing with either bolts, nails, screws, 
or wooden pegs. A halved joint is one of the simplest, and is 
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very suitable for connecting beams that have to be jointed on 
the top of a post, or that have some other means of support ; 
for cross rails meeting on a post or other support ; for wall- 
plates resting on the wall ; for long ridge-pieces, etc. Figs. 
291 and 293 show typical examples. 
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Pio. 288. Built-up "Bcaii). 

Keying. — Wooden keys are pieces of hard wood used either to 
connect two pieces tog<^ther, or with bolts to prevent the pieces 
from sliding over each other. Although very long wooden 
beams are now^ seldom used for carrying purposes, having been 
largely superseded by iron or steel girders, it is— as has been 
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said — occasionally necessary to construct beams of greater 
length than ciiii be obtained in one piece. Fig. 288 shows the 
elevation of a l)eain which is built up of four pieces connected 
by .bolts and having hard-wood keys inserted to prevent the 
pieces frf)m sliding over each other. Fig. 289 illustrates what 
is known jis a hammer-headed key. This key is tightened up 
with small wedges ( If, If) as sliown. 
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Joints for connecting Timbers meeting at an Angle.— This 
,dasB of joint requires to be arranged so that the abutment is as 
iiearljr as possible at right angles to the pressure. It embraces 
all the joints in roof and othej^truss construction, and although 
many of these can beat be considered in detail witli tlie particular 



structures with which they connected, some typical examples 
will now be explained. 

Halting. — Halved joints are used also for connecting timl)ers 
at an angle. Figs. 290 to 205 are examples with the distinctive 
name of each appended. A halved joint may be secured with 
either bolts, nails, screws, or wcwden pins. 

Hoosliig. — Housing oonsists of letting bodily into one piece the 
end of the other piece which has to l)e connected to it. Fig. 296 
shows in elevation the lower end of a post housed into a 
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cross rail. This joint is also sometimes called a Aotclied Joint, 
especially when light pieces are thus connected to a heav^ 
beam. The ceiling joists of a room 
usually are notched to the main 
girders Of a floor above. The ends 
of a wooden cistern are often housed 
into the sides. 

Lapping:. — Beams are often built 
up of a number of thicknesses of 
material with the joints across each 
other. Tliia is especially the case 
with the curved ribs of a roof truss, or the curved ribs of a 
wooden centre. Such built-up beams are secured with either 
nails, screws, bolts, or wooden peg.s. They will be more fully 
explained in a later chapter. 


Mortise 


Fig. 297.— Mortise a-nl Tenon Joint. 

Mortise *>■"<! tenon Joint. — In its varied forms this joint is 
used perhaps more extensively than any other. In carpenters* 
trork the mortise and tenon may be the only means by which 
the two parts ai*e connected, or tliey may be used simply for the 
purpose of keeping the joint in position. 

The prbpr»rtiona and the shape of the tenon,- vary considei*ably, 
but when used wholly for connecting, the tenon is from one- 




Fig. 206. — Housed Joint. 
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fourth to one-third the thicknees of the material, and the bearing 
|>ower of the joint depends upon the accuracy with which the 
shoulders fit the piece containing the mortise. Fig. 297 shows a 
sketch of a mortise and tenon jo^t with the names of the different 
parts given. A joint of this description, when used for connect- 
ing purposes, should have a width of tenon of not more than five 
times the thickness ; and the outer side of the mortise should be 
a little longer than the inner or shoulder side, to allow of wedges 
being driven into the end of the tenon to fasten it securely. 
Such joints are otten fastened by driving the wedges into the 



Km. 298. — IJuiinched Tenon Joint. 



Fk;. 209.— Double Moitiao and Tenon 
Joint. 


space left between the edge of the tenon and the end of the mor- 
tise. ITiis method, howeveu*, has a tendency to make the tenon 
narrow’^er at the outer end, and to some e.xtent to defeat the 
object aimed at ; if two saw-cuts, one near each edge, are made 
in the tenon before it is put into jwsition (Fig, 297), and the 
wedges are driven into these saw-cuts, they spread the outer end 
of the tenon, making it wider, and thus securely fixing it in 
position. When a tenon is reduced in width, either by cutting 
oflf one or both edges, or by cutting a part out of the middle, or — 
as is the case when a mortise and tenon joint is used where 
two pieces meet at an angle (Fig. 298) — it is called a 
haunchid tenon. Figs. 642 and 643 show types of the haunched 
tenon. 

A barefaced tenon is one that has the tenon flush with one side 
of the majteriai (Fig. 642), and has therefore only one shoulder. 
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In many kinds of framing, the thickness of the material is so 
groat that a single tenon of the usual proportion would unneces- 
sarily weaken the piece containing the mortise, and therefore 


two tenons are arranged 
side by side as shown 
in Fig. 299. Such tenons 
are known as double 
tenous. 

Another type of mortise 
and tenon joint used in 
carpenters* work, arranged 
to weaken the timbers as 
little as possible, is th»' 
tush tenon joint. This 
jnint is much used in 
lloor and roof construc- 
tion. The tenon — which 
usually has a thickness of 
one-sixth the width of the 
matoi’ial — is strengthened 
at. the root by projections 
left on at the .shoulder. Thes< 
ai'o of the proportions shown 
noticed carefully. In some t 
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Fro 300.— Tusk Tenon Joint. 


})rojections, known as the tusk, 
ill Fig. 300, which should be 
ises (as for example the joints 
of floor joists) the tenon 
projects through and be- 
yond the surface, and is 
.secured with ii w^edgo which 
passes through a sincTll mor- 
tise made in the tenon, as 
shown. When this j<rint is 
used with large beams the 
inorti.se extends about half- 


way through, and a w'ooden pin is driven through the tenon. 

In addition to the tenon, the joint in Fig. 302 has wrhat is 
known as a crosa-toyiffue on each shoulder. Tliis method of 
strengthening the joint may be used in all cases where the 
tenon cannot lie conveniently of the usual proportions. Cross- 
tongues aie cut out of hard wood in such a way that the 
grain of thij tongue runs in the same dii'cction as that of the 


tenon. 
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In order to give additional strength to the joint, the end of 
Uhe piece bearing the tenon is itself frequently sunk (housed) 



Fio. 302. —Mortise and Tenon Joint wjtli Cn>t.s-t 


into the other piece for a short diabanco. '3'hia arrangement 
is known as a mortised and housed joint (Figs. 303 and 301). 



Flo. 303. 


JPox-wedging is a device adopted for securing a moi-tise and 
tenon joint where the joint cannot be wedged from the outside, 
or where the tenon does not go through the piece, as, for 
example, in the case of a post fixed against a wall, or of a sill 
resting on a floor. In these and similar contingencies the length 
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of the mortise is greater inside, that is, the ends are cut sloping, 
and saw-cuts are made in the end of the tenon. When the joint 
is being put together, wedges are carefully inserted in the saw^ 



cuts, and wlion the joint is forced together the wedges sjU'ead 
tlie outer ends of the tenon (Figs. 305 and 30G). 

This method of fox-wedging is ?ilso suitable for sujicrior work, 
w lioi-e the appearance of the end of the 


tenon the edge of the framing would 
Ije considered objectionable. 

In the dovetailed tenon one edge of 
the teium is cut obliquely {splai/ed)y and 
tlie length of the mortise is made a little 
greater than the width of the tenon. 
The joint is secured with a wedge which 
is driven into the space left on the 
straight side of the tenon (Figs. 308 
and 301)). 



Fia. 310. — Chose Moriisini;. 


A chase mortise is used at one side when a cross-piece has to 


1>e inserted and fixed with mortise and tenon joints between two 
beams alreddy fixed. Fig. 310 shows the nioj:*tise chased out so 
tlmt the cross-piece can be pushed into ]K>sition. 
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A stump or stvh tenon is a short tenon usually employed more 
for the sake of keeping the joint in position than as a means of 
connection. It is used extei^^ively for the joints in large and 
heavy trusses, as will be seek by referring to Chapter IX., 
dealing with them. 

Bxidle Joint. — ^The bridle joint is the converse of the mortise 
and tenon joint. In bridle joints the middle part of one 
member is cut out so that it will fork on to the other member, 
which is suitably cut to I'eceive it. Generally the bridle joint 
can be fitted more accurately, weakens the material less, and 
makes a stronger joint ; it is therefore preferable in heavy 
carpenters’ framim; — where the members meet at an acute 
angle, a.s in Fig. 432, — to the stump tenon, although the latter 
is possibly moie generally used. 

Joggle Joint. — In a joggle joint, a projection — the joiigjr - is 
left on the end of a wooden post which is intended to fit into a 
stone or wooden sill (Fig. 307). The sill itself contains a 
suitable mortise cut to receive the joggle. 

Cogged Joint. — A cogged joint is one where two piece's 
are partly sunk .into each other in order to minimise space. 
Examples are t(^ be seen in floor construction, where the floor 
joists are cogged on to the binders or on to the wall plates : or 
in roof construction, where the purlins (p. 216) are cogged on 
to the backs of the principal rafters. It will be seen from 
an examination of Figs. 390 and 391 that in the cogged jf^iiit 

each piece is cut in sucli a way 
that the material is not appreciably 
weakened. 

Fastenings for Carpenters' 
Joints. Much heavy carpentry 
consists of the building of such 
temporary structures as scaffold- 
ing, shoring, gantries, temporal y 
wooden bui Idi ngs, spectators’ sUiiid s, 
bridge.^, and the like. As the tim- 
ber in these is after use still a 
marketable commodity, and as the 
connections or joints are best made 
as simide as possible, the iron dog and the cleat are both much 
used. A dog is a wrought-iron fastening of varying length, 
having the ends jiointed and shaped as shown in Figs. 31 1 and 
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312. It is very necessary to have the pointed ends at an angle 
a little greater than a right angle, so that as they are driven 
into the material they will tend to draw the joint together. 
By their use the need to make either mortise and tenon, or 
bridle joints, is largely reduced, as the dogs prevent the mem- 
bers from moving laterally. Cleats are short pieces of wood 
which are cither bolted or nailed against heavy timbers to 
assist in forming an abutment for a joint. They may, in 
addition to being bolted, be housed for a 
short distance into the beam to which they 
are fastened. 

Bolts are made of the best wTought iron. 

They have a head of variable shape at one 
end, the other end being threaded and fitted 
with a nut for tighten ing-up purposes. 

8(|iiare bolts are better than round ones for 
joints ill tension. To prevent the nut from 
sinking into the fibres of the wood when 
tightening up, washers— small plates of 
wrought iron — are placed between the nut 
and the material. In heavy structures, 
w'ashers should also be placed under the 
lioad of the bolt. Small circular washers 
are used generally, but it is bettor to use 
larger plate washers having a tliirkness of 
one half times the diameter of the bolt. 

Straps. — Bolts may be used alone or they 
may be used along with wrought-iron Fkj. sis.-Coach-screw. 
'|)lates, or atrapsy for connecting joints in 
timber structures. Tlic straps may be of almost any shape : 
straight, bent, three-way, or four- way, and are generally used 
ill pains, one being placed on each side of the joint to lie 
connected. They are pierced by a number of holes through* 
which the bolts are passed. It Eloquently happens that the 
straps are made to clip the material and are therefore U-shaped, 
as ill the case of the fastening of the lower end of a king jiost 
w’ith a strap and gibs and cottera (Fig. 434). Straps may be 
secured with coach-screw^s instead of bolts. Coaoh-screwB 
(Fig. 313) are of wTOUgbt iron, with a square flat head, and 
have a coaise screw-thiead wdiicli passes between the fibres of 
the wood. When bolts are used, the holes in the material 
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should be as nearly as possible of the same size as the bolt ; 
but with coach screws the holes should be a little less than the 
diameter of the screw, to enable the screw to hook into the 
fibres and thus get firm hold ^ the material. 

Joint bolts are another type of bolt used for connecting the 
joints of wooden structures. They are chiefly used where two 
pieces meet at a right angle, and where a strap would be 
unsightly or in the way. A joint bolt is circular, has a square 
flat head, and is screw-threaded for a much greater distance than 
an ordinary bolt for the purj>ose of drawing the joint together. 
Tlie threaded end is also pointed to enable it more readily to 
catch the nut, which is of rectfingular shape, larger than the nub 
of the ordinary bolt, and re^pjires lettirig into one of tlie i)io('es 
to be connected (Fig. 439). Another type of joint bolt used for 
connecting the ends of two pieces together is threaded at hotli 
ends, one end being provided wdth a l ectangular nut, and the 
other with a circular nut with grooves in its edg%. Joint bolts 
are aonietiriies pi-ovided with an extra long thread which is 
screwed into the end of the material like a coach screw, tlie nub 
being dispensed with. 

It is a wise^^recaution in heavy , carpentry — the joints of 
wliich ai’e connected with bolts — to examine the structure 
some time after it has been coin])lcted, and tighten U[) wlieie 
necessary, as the wood of such structui-es is not always properly 
sca.soned at the time of framing together. 

To preserve iron fastenings from oxidation, they may bo 
galvanised, dipped while hot into pitch, or they may be painted 
with oxide-paint. Jf ir<»n fastenings are used for unseasoned 
oak, the gallic acid contained in the oak will cause rapid oxida- 
tion, and discolour the wood. It is therefore occasionally 
necessary to use copper or other metal fastenings with such 
wood. 

Wedging and pinning. — ^As alitiady explained in the description 
of the mortise and tenon joint, wedges play an important part 
in fastening the joints of woodwork. The wood from which 
they are made should be dry, straight-grained, and fairly hard, 
and the wedges themselves should not have too much taper. 

Wooden pins should be of hard wood, straight-grained, dry, 
hnd should be split rather than sawn to tlie I'equired size. 
Square or rectangular pins ai’e not so liable to l>ecofne loose, 
and are therefore better than circular ones. If proj^ferly fixed, 
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they may be made a very secure means of connecting a joint. 
A good method of fixing a wooden pin to connect a mortise and 
tenon, or a bridle 


joint is to bore the 
hole in the centre 
piece a little distance 
nearer the shoulder, 
so thfit the pin in 
being driven into 
position will, by 
pressing against the 
fibres(Fig. 298),di'aw 
the joint together. 
This method is named 



Fio. 314. — Lewis, or Rag-bolt. 


dk'au) boring. Large wooden pins are sometimes called trenails. 

Flaming exposed to the weather is preserved, and the wedges, 
pins, or other wooden fastenings adhere better, if a paint con- 


sisting of white and 



red lead and linseed 
oil, mixed to the 
consistency of tjiick 
cream, is used as a 
coating for all parts 
of the joint which are 
ill contact. 

For fixing wood- 
work against stone 
or brick-work many 


Fio. 316. 



expedients are em- 
ployed. A lewis- or 
rag-bolt is often used. 
This consists of a bolt 
which has a specially ^ 
shaped head, let into 
a dovetail-shaped 
hole made in the 


Fio. 31©.— »pUt.blll. 


stone, and fastened 
thereto by means of 


lead or bnmstone (Fig. 314). The other end of the bolt is 
001*6 w-thi*eaded and provided with a nut and washer. 


fipUt-tfilla, known also as snipe-bills, are iron holdfasts 
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(Fi^. 316) let into the stone ^ork at tke head end, the points, 
which pass through the wood work to be secured, being 
clenched.” Iron holdfasts of many other shapes are also used. 

-These are driven into the joints of 
the stone or brick work only ; 
or, which is pi*eferable, wooden 
plugs are first diiven into the 
joints and the holdfasts arc 
driven into these. 

Wooden plugs should be cut out 
of dry straight-grained urood, and 
they hold more securely if cut 
with the axe, wdth a little twist 
on each surface (Fig. 317, B)y than 
Kif.. 317. --Method of fixing if they are cut wu'th the saw with 
^ ‘ straight surfaces (d). The hole 

iiito w'liich a plug has to fit should be first made and then the 
plug cut so that the small end wdll just fit the hole. The plug 
should fit the hole accurately for at least tw o indies (Fig. 31 7, B), 
Nails are too well know^n to m*ed more than a 
htief description. Nails may be obtained in any 
j [ I length from 14 inches down to inch. The 

II 

Kj<.. 318.— Wrought Fio. Slih— Cut Fio. 320.— Wrought Fio. .821. -Brad. 
Spike. (.'lasp Nail. Clasp Nail. 

larger ones, often called spikes, are only used in very heavy 
work to a limited extent, as anything that requires a nail longer 
than six inches wdll be better fa.stened with a bolt or a coach 
screw. Spikes diould be forge<i out of the best wrought iron, 
and bo of the shape shown in Fig. 318. 

Clay? wiih aie of size from six inches downwards, and may 
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be cut or wroaglit, “Cut clasp” are those wliich are cut out of 
sheet metal and are of shape shown in Fig. 319. “Wrought 
clasp” ai’e tougher than the cut nails; they are used where the 
nail passes through both the pieces to be connected, and the 
points are folded over (clenched), nie head of each kind of nail 
is shaped so that it can be driven readily below the surface. 

Brads are cut nails of shape shown in Fig. 321 ; the shape of 
the head is such that when the nail is driven below the aurfjice 
the resulting hole is very small. Brads are used for securing 
door boards, ajid the smaller varieties— called sprigs— Uw 
securing mouldings, etc., in position. 

Wire nails are much used in fixing woodwork. They are 



Fio. 322.— Uounrl Fio. 323. --Oval Fk.. 324.— Clout Fiti. S2.'i. Wrowylit 

Wire Null. Wire Nail, Nail. Uokc Nail, 

made in a variety of shapes, mid in all sizes from six inches to 
half an inch in length. The round ones with fiat heads (Fig. 
322) are used for such purposes as packing-case making, fencing, 
hoardings, and all kinds of rough ciirpeiitry. The oval shaped 
(Fig. 323) are much used instead of the cut clasp for the mass of 
ordinary work. Wire nails square in section are also obtain- 
able, but are not so much used as the other varieties. 

Clout nails are wrought, and have round heads. They are 
used for securing slieet metal, hoop iron, roofing-felt, etc., to 
w'ood. 

Wrought nails of shape shown in Fig. 325 are extensively u.sod 
by the coach-builder and ship-builder ; they are stronger than 
the ordinary cut nail, but are seldom used by the carpenter. 

Tareks are' small nails pointed at one end, and have a round, 
flat head. 
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Screwi. — Screws are used more by the joiner than by the 
carpenter. Tliey may be of wrought iron or of brass. Figs. 326 
and 327 ..show typical screws with flat 
and rolled heads respectively. The 
heads of screws ai^e of various forms, 
such as fiat, round-headed, square, hexa- 
gon, and of many ornamental designs. 
For securing woodwork tlie flat headed is 
mostly used. The other shapes are used 
chiefly for securing metal fastenings to 
wood work, and to give them an orna- 
mental appearance. Screws are obtain- 
able in all sizes, of both length and 
diameter, to six inches long. When 
screws are used ft>r securing removable 
wood work, they should be provided with sockets which are let 
into the wood. 



Fia. 826. Fig. 327. 

Types of Screw. 


JOINERY. 

Although the work of carpentry and of joinery differs enough 
to justify a separate classification of the joints used in the framing 
together of the various structnre.s, it is impossible entirely to 
separate them, even if it wore thought advisable to do so. In the 
same way no hard and fa^t distinction can be drawn between 
the work of the carpenter and that of the joiner. It is true 
that in large woiks some men arc exclusively confined to joinery 
as “ bench hands,” while others are engaged as “ fixers ” on the 
building, or are employed in setting up carpenters’ work. It is 
advisable, however, tliat the w'orkman should have a good all- 
round knowledge of both branches of the work, as it is only in 
large workshops that such specialisation can be attempted. 

Many of the remarks in the early part of this chapter will 
apply to the joints in joinery, especially those relating to the 
mortiBe and tenon Joint, as the bulk of the panelled framing 
of doors, partitions, cupboards, etc., as well as the joints of 
such framing as sashes, are of this tyi>e. 

The timber used for joiners’ work requires to be more 
thoi’oiighly seasoned than is necessary with that used for 
carpentry. Greater care is also necessary in arranging the 
joints, so that any slight shrinkage shall not be visible. Much 
of the material for joiners’ work is now prepared by machinery. 
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In the joints of door and sash framing many special 
modidcations of the mortise and tenon joint are necessary. In 
panelled framing, for example, the groove into ■which the panel 
fits reduces the width of the tenon ; while in sashes the 
rebate for tlio glass, and the moulding of the arrises, affect 
the shape of the shoulder. These points will be considered 
in detail along with the constructions to which they respec- 
lively refer. 
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Mouldings. — Tlie anises of joiners’ work are often orna- 
mented by mouldings. It ls necessary to consider these siiicc 
they influence tlie making of the j^Aint. The curves in Roman 
mouldings are segments of circles, while in Gicek mouldings 
parabolic and elliptical curves predominate, lloinaii mouldings 
are built up from the types shown in Figs. 333 to 337. The 
distinctive name is in each case indicated on the sketch. 

Bead or astrag^ — Various forms of this moulding are shown 
in Figs. 328‘Do 332. llie difference between tlie qitirhed bead 
(Fig. 328} and douUe-quirked or staff bead (Fig. 329) and 
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between the Jlmh bead (Fig. 330) and the cock bead (Fig. 331) 
Hhould be particularly noticed. The bead is extensively used 
at the joints of boarding, to 'counteract the unsightly appear- 
ance that might be caused %y any slight shrinkage. It is 
also much used as an angle moulding. When a number of 
Hush beads are worked together on the same surface, as in 
Fig. 342, a reeded moulding is obtained. Flvtmtf (Fig. 341) 
is the converse of reeding. 



Fio. .'{38. 


I'm. 


l' IfJ. .3 10. 



• Fkj. 3*12. 

'I mh.-*, of MouldiDgs. 


Torua — In this moulding (Fig. 338) the diameter of the bead 
is vertical. It is surmounted by a flat projecting part called 
a JilleL 

Lengthening joints. —This class of joint is not i*equired to 
the same extent in joinery as in carpentry. It is seldom that 
tlie scarfed joints are resorted to, and lapped and fished 
joints are still 1p.ss frequently used. The halved joint may 
be used with advantage sometimes, while the hiimmer headed 
key (Fig. 3C8) is very suitable for securing curved ribs 
that form the head of a semicircular door-frame or large 
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window-frame, or any other circular framing of like nature. 
Such joints may be strengthened by inserting either croM- 
tongues of hai-d wood as shown in Fig. 368, or short wooden 
dowels. The splayed joint is used for connecting the ends of 
mouldings, skirting boards, etc., which are in long, straight 
lengths. Other lengthening joints are shown in tlie chapter 



'/ t'/dtrii /h‘uaT‘ 

FiiJ. 343. Fi«. 344. FlO. 84:). t us. 34ti. 
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Fio. 347. Fio. 3 .8. 




Fm. 351. 



Mitred Anglo joints. 
Fio. 362. Fig. 353. 


Fig. 354. 


on floors, where floor boards meet on a floor joist. Such joints 
are called heading Joints ; they may be sq\iare edged, rebated, 
splayed, tongued and grooved, or forked, although the diffi- 
culty of construction in the last-nanjed is not compensated for 
by the additional advantage it possesses. A form of joint used 
in connecting hand-rails, is a butt-joint ; in forming it two 
hard wood .dowels are inserted, and a small joint-tolt with a 
nut at each end, as shown in Fig. 892, is used ; such a bolt 
is called a handrail bolt. 
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Angle Joints. — Fig. 343 is the simplest joint for connecting 
together two boards meeting at an angla I^gs. 344 to 346 show 



Pm. 855. 


variations of this form of joint. Figs. 347 to 350 are sections 
through different forms of trenched joints. The first of these 
might also be called a housed joint ; it is the one used in 
staircase constructhni wliere the 
steps arc housed into the notch 
boards. 

Mitring and Scribing. — In cases 
where it is undesirable to show 
the end grain of the wood, witring 
is employed. Figs. 351 to 354 are 
sections through vai*ioiia kinds of 
mitred joints. When two lengths 
of the same moulding meet at an 
angle, a.s, for example, at the comers 
of an architrave surrounding a 
door or a window opening, or in 
any wuldiDgs meeting at an angle, the joint always bisects 
the angle, and is called a mitred joint (Pig. 356). Under 
certain conditions it is better to cut the end of one moulding 
to fit the profile of the other as abown in Fig. 357. This 
plan is called smhmg. Other examples of these two joints 
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are found in the skirting board that runs round a room. 
The external angles are mitred ; the inteimal angles are 
best scribed. The method of cutting the lower edge of a 
skirting board to fit the slight irregularities of the floor 
(instead of tonguing the board to the floor) is also known 
as scribing. 

CroBS-grooTlng — The joint shown in section in Fig. 344 may 
also be applied in the manner shown in the sketch (Fig. 358), 
as, for example, at the corners of boxes or cisterns. The 



grooves into which the tongue fits is, when it runs across the 
grain of tlie wood, an example of cross-grooving. 

Dovetailing. — Figs. 349 and 350 are sections of dovetailed joints. 
Fig. 359 is a sketch of the common form of angle dovetad joint 
where two boards meet at an angle. This is the strongest kind 
of angle dovetailed joint. It can only be used, however, when 
there is no objection to the end grain of the wood being visible. 
The lap dovetail (Fig. 360) is so arranged that the joint on one 
face ifii not visible. It is useful in such w'ork as the construction 
of drawers. The mitred or secret dovetail joint (Pig. 361) is not 
so strong as (iither of the otheis, but is used when it is desired 
to hide the joint completely. 
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Edge Joints. — Boards having their edges planed straight 
and true ore said to have their edges shot. 



jfrw/g t tpv'elaiij' L no prd tioiTlaU^ 

Via. 35J>. Fio. 300. , Fio 301. 

Angle Dovetail Joints. 


Match-boarding. — Timber, however well seasoned, has always 
a greater or |iess tendency to shrink ; and this renders it in- 
advisable to use wide boards in covering surfaces of lai ge area. 

In superior work, 
panelled framing is 
extensively adopted. 
A convenient alterna- 
Fiq,362. tive method is, how- 

ever, to use boards 
of batten width, with 
square, grooved and 
toiigiied, or rebated 
Pig. 368. edges. This class of 

boarding is know^n as 
match - hoarding. In 
Fig. 363, wliich is a 
cross-section of such 
sot. tongued - and - grooved 

Sections of Match-boarding. battens, the tongued 

edge of each batten is 
beaded. Tliis serves the double purpose of destroying the 
monotony of the surface, and of hiding any slight shrinkage 
that may take place in the boards. It is evident that if some 




3ecui£€C 
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such means of treating the joint were not adopted, fus is the 
case in Fig. 362, any shrinkage would produce an unsightly- 
appearance. Instead of being bearled, the edges are often 
chamfered, as in Fig. 364. This treatment is known as 



I'la. 3U5. — Glued Joints to obtain Wide llouids. 


V-jointiiig. Examples of the use of matcli-boarding are seen 
in wainscotting, and also in boarded ceilings. Wide panels 
in framing are often con.structed of match-boarding. 

Edge joints for wide boards. — If a wide board is requij’cd, the 
tendonoy to warping is diminished if it is composed of several 
pieces so jointed together that the hcai't sides of alternate pieces 



Fio. 300.— Sem*t Scruwed Joint. 


are reversed (Fig. 365). If glue is ised and the work Ls for 
a dry position, the edge joints may bo acjuaie. Alternative 
methods are to tongue and groove the edges, to groove both 
edges and insert a lath or fillet of hard wood (grooved and 
filleted joint), or to dowel the joint by inserting wooden pegs 
of hard wood at intervals of 12" to 18" apart. 

Another m<Sthod— although it is not applicable to very thin 
boards — is to turn strong .screw's into the edge of one piece. 
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and after boring holes into the edge of the other piece, to 

make chases to allow the head 



of the screw to hook between the 
fibres and thus hold the joint 
together. These screws may be 
placed anywhere from one to 
two feet apart. Fig. .*566 illus- 
trates this joint. 

Table or Rule Jolnu -F'ig. 367 
is a section of a lule joint. 
This joint is used, along witli 


hinges, wliero the edges of two boanls move upon each other 
through an angle. Good examples are found in some types 


of window sliutter.s (Fig. 


793), the leaves of a fold- 
ing table, etc. 

Keying and Clamp- 
ing. --The panels used in 
framing, as well as thin 
wide boards ^hicli are 
liable to warp, are some- 
times strengthened by 
the insertion of tapering 
dovetailed keys of liard 
wood. These are placed 
at right angles to the 
grain of the wood of the 
lw)ai'ds, as shown in Fig. 
369. Clamping serves the 
same purpose as keying. 
It consists of arranging 
narrow pieces along each 
end of the board, so that 
the giain shall be at 
right angles to the grain 
of the boards, as shown 
in Fig. 370. The clamp 
may either have a tongued 
and grooved, a dowelled, 



or a square joint, or 
it may be made with 


Ftu. 308.— 'Sketch showing Haininor>hcadod 
Key. 
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mortise and tenon joints. Fig. 370 sliows one of the clamped 
ends mitred. 

Glue and Glue- 
blocks. — Glue is used 
by the joiner as an 
aid in securing joints. 

Glue is made by boil- 
ing, straining, and re- 
boiling the skins and 
bones of animals. 

After being thus 
treated the material 
is cut into cakes and 
dried. Glue made 
from skins is stronger 
than that made from 
bones. Its quality 
also depends largely 
upon the care be- 
stowed in the boiling 
and straining. The 
appearance of dark 
blotches in the cakes 
is a sign of poor 
quality. Freshly mixed glue is by far the best ; repeated 
heating decreases its strength. Glue should be used as hot 



as {)OBsible, and the surfaces to which it is applied should be 
perfectly dry and oven warmed. Glue should not be too thick : 
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tbe thinner the layer applied, so long as the whole sui'face is 
covei'ed, the better will it adhere. 

When prepaiing glue, it is?|best to break up the cake into 
small pieces, place them in a far with just sufficient water to 
cover them, and soak for several hours. 
The glue is afterwards melted by being 
placed in tlie upper pan of the glue 
pot, the lower pan of which is filled 
with water. The glue is softened by 
the heat from the water in the lower 
pin, sufficient clean hot water being 
added to the glue to render it of the 
riglit consistency. Jt is ready for use 
when it runs freely ofi‘ the glue brush 
without breaking into drops. (^lue 
capable of withstanding the ■weather 
may be made by adding powdered 
chalk to ordinary glue. 

Fig, of Glue-t>lockB arc short pieces of wood 

if' that are glued into the angles to aid 

in strengthening joints. They are much used by both the 
joiner and the cabinet-maker. Fig. 371 shows an example of 
glue-blocks in po.sition. 


Summary. 

The main prinoiploR underlying the construction of joints arc : 

To have each abutting surface at right anglers to the pressure 
upon it, and of area proportional to the pressure : 

To arrange fastenings so that they cannot weaken the pieces they 
eonneot. 

Joints aro most commonly used for connecting 

(1) beams in tho same straight lino ; 

(2) beams making an angle with each other ; 

(3) b(.>ards in the same plane. 

A stress is any force producing a change of shape or size ; the 
change (vf shape or size produced by a stress is called a strain. 

A girder or bressummer is a beam spanning an opening and 
supported at both ends. Girders may bo of wood only (solid and 
rectangular) ; flitchod wdth an iron plate ; or trussed. 

Beams are lengthened by lapped, scarfed, halved, or keyed joints. 
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Timbers at an angle are connected by halved^ hmsed^ la^pped^ 
mortis&l and tefivoned^ bridle, or cogged joints. 

Fastenings for joints iTiclude iron dogs, deaie, boLte, wrought iron 
etrapn, joint bolts, coach screws, wedges, pins, nails, screws, and glue. 

Woodwork is fastened to brick or stono work by nails driven 
into wooden-plugs, or by lewis or rag-bolts, by sp}lit hills,, etc. 

In Roman mouldings the curves arc segments of circles ; in Greek 
mouldings parabolic and ellixjtical curves predominate. 

Other forms of angle joints more common in joinery are rebated, 
tang lied and grooved, w tired, scribed, and dovetailed. 

The edge joints of boards in the same ^^lane may be grooved and 
tangued, rebated, or grooved andjUhted. 

Boards may be strengthened across the grain by "keying and 
damping. 


Questions on Chapter VII. 

1. What is meant by cambering beams? Wliy is it done? 
Describe ilitching and trussing ginlers, and illustrate your answer 
by skolclies. Draw six forms of scarfed joinU, and state the 
purjjoscs for whicli they arc used. 

2. A fir beam 9 in. by 0 in. and 14 ft. between supi)ortfl, is 
insuiriciont to carry the load upon it. Kxplain and bkecch three 
various wa^'s in whicJi it niigiit be strength cnotl. 

3. It is required to Icngtljcn three beams (each 10 in. by 6 in.), 
one of ■which (a) is to be used in ^•omj)l*csHi^)n, one (/#) in tension, 
and the other (c) in cross strain. Draw, one-(|uartcr full size, tlie 
motliods of scarfing you would adopt. 

4. Show by sketches the diflereiit Tnethods of scarfing, and state 
which care adapted for the 'lijereiit strains. 

Make isometric, or oblique, projections of one of the following 
joints ; (a) dovetail halving ; (6) simple mortise and tenon. 

6. DraM” the oblique or isoructrie projections of tlio following 
joints : 

(a) Bare faced tenon joint. 

(5) Double tenon joint. 

(c) Common dovetail joint. 

{d) Dovetail tongue and groove joint. 

7. (a) Make sketches of a tusk tenon joint. Timbers 9 in. by 
3 in. Mark the dimensions of the several parts, {b) What 
proportion should the tenon boar to the thickness of the material 
used in joiners’ work ? 
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8. Under what oonditiouB are haunohed tenons used ? State the 
usual proportions of the width and the thickness of the tenon in a 
mortise and tenon joint. Miction, and state the reasons for, any 
exoeptions to the usual propor^ons. 

9. Make a sketch of each of the following types of mortise and 
tenon joint, and show in each civso how the joint is fastened . 
haunched, dovetail, tusk, and stiimp or stub. 

10. Make a sketch of an iron dog. Give an illustration of the use 
of iron dogs and cleats as a suitable means of fastening timbers 
together. 

11. Make sketches to illustrate three different methods of 
fastening a vertical wooden post to a stone wall. 

12. Make sketches of the following mouldings; Cyma-rectfi 
(Roman and (jlreek), Astragal torus (Ttrjman and Greek), Cavetto 
(Roman and Greek), Ovolo (Roman and Greek). These drawings 
must 1)c large enough to show the geometrical construction, and the 
wrorking linos should be left in. 

13. Draw 0 different joints used by joinoi s, and give their names 
and uses. 

14. Draw the isometric or the oblique projections of the following 

joints : , 

(1) Trapped dovetailing joint for drawer front. 

(2) Haunclicd mortise and tenon joint. 

15. (1) Make a sketch of a secn^t dovetail joint, and (2) show two 
methods of seouring and finishing the exterior angle of dado 
framing. 

16. A wide board, 1 J in. thick, has to be constnicted (wdth glued 
joints) out of throe separate boards. Show by sketches three 
different suitable methods of making tlie edge joints. 

17. State the precautions nt'cessary to observe when preparing 
and using glue. How would you judge its quality? Give aii 
illustration to show the use of glue-blook& 



CHAPTER VITI 


WOODEN FLOORS. 


TsrpGS of Wooden Floors. — ^Wooden floors are constructed 
by placing on edge, planks, deals, or battens called Joists, from 
12" to 15" apart, and on the top of these securing the boards 
■which form the surface of the floor. In upper floors, the joists 
carry on their undersides either the lath-and -plaster ceiling, or 
the ceiling joists to "wdiich the laths and plaster are fixed. 
When the distance between the walla which support the ends of 
the floor joists is not more than 16 feet the joists may be placed 
so that they stretch from w'all to wall without intermediary 
support. A floor so arranged is named a single floor. With 
spans of greater distance than 16' it would be essential, in order 
to obtain the necessary rigidity of such a floor, to have unwieldy 
joists of large section. Besides involving a w’aste of material, 
such joists, not being of the usual marketable sizes, are more 
expensive and difficult to obtain. It is therefore more economi- 
cal to use lighter joists, and support them with cross-beams. 
Floors so arranged are named double or firamed floors, according 
to the arrangement of the timbers. 

Dimensions of Joists. — The carrying str^ength of a joist, or 


other beam, is proportional to the fraction 


depth in inches, h the breadth in inches, and L the length in 
feet. From this expression it wull be seen that of two joists 
of the same length and sectional area, the one of greater 
depth will be the stronger. For example, the relative strengths 
of two joists 12" deep by 2" broad, and 8" deep by 3" broad 
respectively of the same sectional area, 24 square inches), 
will be as 12x12x2=288, and 8x8x3=192, that is as 3:2. 


JLCJ. 


O 
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In practice, a limit is set narrowness by the necessity 

of nailing boards to the jdistB without splitting the latter, 
and it is usual to have thd'^ depth from three to four times 
the breadth. To prevent tlm buckling of narrow joists, strut- 
ting is employed. 

Dwelling-house floors are made strong enough to carry about 
1 J cwts. per square foot of floor surface ; while the floors of 



'FIu43S 
Fig. 372. 



Fia. 873. 

Plan and Section of a Single Flf>or. 


warehouses, etc., subject to heavy loads, are capable of bearing 
from 1 J to 3 cwts. per square foot. The calculations necessary 
to determine the size of tlie timbers are dealt with in Chapter 
XII., but a useful rule, generally applicable to dwelling-houses, 
is to have the depth of the joists (in inches) equal to half the 
span (in feet) flxa 2. 

Single Floore. — As already explained, single floors are those 
the joists of which — called hrldging Joists — stretch from wall to 
^ tralL Single floors are generally suitable for dwelling-houseSi 
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th« division walls serving to suppoiib the ends of the joists. 
It is obvious that the strongest floor is obtained by placing 
the joists across the shortest way of any room which is not 
square in plan, although the joists should by preference 
have the ends resting on the outer walls rather than upon the 
party walls that divide one house from another. Pigs. 372 and 
373 show plan and section of a single floor. 

Instead of having the plasterers’ laths nailed to the under- 
Bide of the joists, floors are sometimes constructed which have 
every third or fourth 

inist. sihniit. dAAiiAi* 


joist about 2" deeper 
than the rest ; and 
smaller joists, c:illed 
ceiling Joists, about 
3" or 4'' by 2", ai‘c 
fixed to the under- 
side of these. These 
ceiling joists carry 
the plaster ceiling, 
and act as a sound* 
preventive from one 
room to another. 

W'hen wooden floors 
are used as ground 
floors, and there is 

no basement or cellar — sketch, of i)art of a Brick Sleeper Wall, 

underneath, it is 

essential that an air space of at least 1' 6" be left under the 
floor, and that the ground under sudi a floor be covered with 
a layer of concrete from 4" to 6" thick. In a floor of this 
description tlie depth of the joists may be materially reduced 
by supporting them at intervals of 5' or 6' by sleeper walls of 
bi ick or stone (Fig. 374^. 

Ground floors constructed of wood are liable to the disease 


Slaperm 





known as drf/ rot unless piecautions are adopted to have the 
space well ventilated between the underside of the floor and 
the ground, and the floor joists well seasoned before being fixed 
in posiliou. 

Wall-plat^ — The ends of floor joists may rest on wall- 
plates, which are lengths of timber about 4^" wide and 3" thick. 
Wall-plates should also be used at any intermediate points of 
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support^ such as those of sleeper walls. As a preferable substi- 
tute for a wall-plate when joists are built into the wall, an iron 
bar "wide and thick may be laid in the wall for the ends 
of the joists to rest upon. Tbl^ bar is not so liable to be 
destroyed, by damp or other agency, as a wooden wall-plate. 
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in case of fire, the middle j>art of the floor might be first 
destroyed, and the remainder would then act as a lever, when 
there would be con- 


siderable danger of 
the walls being over- 
thrown. The joists 
may rest on the wall- 
plates, as in Fig. 370 ; 
be notched o/^, as in 
Fig. 377; or they may 
be cogged^ as shown 
in Fig. 375. 

When joists arc 
built into the wall, an 
air space ot at least 
half an inch should be 
left along the sides 
and above each joist, 
to prevent decay. 
Trimming. — No 

bearing timber should 
be placed nearer thaii 
six inches to a chimney 
flue. This necessitates 
an arrangement of 
framing the floor joists 
which is njirned trim- 
viing. In trimming, 
tlie bridging joists 
which would abut 
against the flue, arc 
supported by a cross 
piece called a trimmer. 
The joists which ciirry 
the ends of the 



\f£fiTiCAL Section A B . 


trimmer are called Fks. .S78.— Brick Trimmer Arch, Hearth Flag, etc. 


trimming Joists. It is 


usual to have both the trimmer and the trimming joists thicker 
than the bridging joists by for every bridging joist carried. 
Fig. 378 shown the trimming of the joists around a fireplace. 
Trimming is also necessary for staircase wells, trap-doors, or 
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any opening in a floor whicli is wider than the space between 
two joists. 

Joints used in Trimming. — The form of joint mostly used in 
trimming is the tusk-tenon joint, -^is joint is specially designed 

to prevent unnecessary 
weakening of the timbers. 
As explained on p. 171, 
the thickness of the tenon 
is one-sixth the depth of 
the joist, and the lower 
surface of the tenon is in 
the centre of the depth. 
The tusk (Figs. 379 and 
380) extends into the joist 
for a distance equal to 
one-fifth the thickness of 
the joist. The joint is 
secured by allowing the 
tenon to ])rojecb through 
the mortise, and inseHing 
a .wedge into a small 
mortise made in the 
tenon. These are omitted where they would be in the way, 
as in the joint between the trimmer and bridging joists. 

The ordinary mortise and tenon joint, with a tliickness of tenon 
about one-fourth the depth 
of the joist, is often used and 
secured with wedges, but is 
not so strong as the tusk- 
tenon joint. Housed joints, as 
shown in Figs. 381 and 382, 
are alternative methods often 
adopted. These are usually 
secured with spikes (large pig. m-Skctch of a Xusk-tonow Joint, 
nails). 

Hearth-Flags and Trimmer Arches. — When a fireplace oocui-s 
in an upper room, it is necessary to have a hearth-fiag from d' 6" 
to 5' long, and projecting at least 18"^ from the front of the fire- 
place. The flag may be supported by a concrete slab built into 
the brickwork, and projecting so as to fill the space left between 
the trimmer and the brickwork ; or by a bri^ arch known as 
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a trlsunar arefa, which springs on one side from the brickwork 
and on the other from the trimmer. Fig. 378 shows plan and a 




Ifouscd Joints used for Trimmingr. 

vertical section of a fireplace, the hearth -flag of which is carried 
by a brick trimmer arch. The upper half of the plan shows the 



Fio..38a.-8kotoh of a Brick Trimmer Arch, Hearth Flafir, Joists, Floor 
Boards, etc. 


hearth-fiag, floer-boards, etc., in position ; in the lower part of 
the plan the trimmer arch and joists are shown. Such an arch 


5200 A MANUAL OT CARPENTRY AND JOINERY. 


is named a coach->?ieaded trimmer arch. FSg. 383 is a sketch of 
the same fireplace, showing the construction still more clearly. 
As an alternative, the trimmer arch may abut square on the 

\ trimmer, as shown in 



Fig, 884.0 Hoction through Brick Trimmer Arcli, 


section in Fig. 384. 
lliis is necessary when 
the joists are not more 
than seven inches 
deep. When the 
bridging joists are 
placed parallel to the 
fireplace, as shown in 
Fig. 392, the trim- 
ming joist, which is 
tlie one against which 
the arch will abut, is 
strengthened, and 
prevented from yield- 
ing by the insertion 
of two bolts, which 


hook into the brickwork at one end and pass through the 
middle of the depth of the trimming joist as shown in 
Figs. 384 and 392. A narrow margin, often of oak, is generally 
mitred around the three 
sides of the hearth-fiag ; 
against it the floor-boards 
abut. Tiles of various kinds 
are often substituted for a 



hearth-fiag. 

Bridging and Strut- 
ting. — Wooden floors are 
strengthened by placing 
rows of herring-bone bridg- 
ing or strutting at right 


Fig. 385. — Horrlng'bouc Strutting. 



angles to the direction of 
the joists, and at distances 


Fig. 3SG.— Sound Borarding, Pugging, and 
Solid Strutting. 


of 4' to 6' apart. This strutting is formed by pieces of timber. 


about 2" bjf^ 1^", crossing each other, and nailed to the joists in 
the manner shown in Figs. 373 and 386. An alternative plan is 


that known as solid strutting. Solid strutting consists of fixing 


rows of short boards on edge tightly between the joists 
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(Fig. 386.) Such hoards are one inch narrower than the depth 
of the joists and from 1" to thick. When solid strutting 
is adopted, the floor may ho further strengthened — 

(a) By passing a three-quartcr^inch holt through the centre 
of tlie depth of tlie joists, close against the strutting, thus bind- 
ing the whole together (Fig. 383) ; 

(h) hy nailing hoop iron (1 to 2" wide, and one-sixteenth 
of an inch thick) along the top and bottom edges of the joists 
wdiere the strutting is fixed, and then tightening up the struts 
hy means of wedges. 

Sound-boarding and Pugging. — This name is given to a 
device adopted to prevent the passage of sound from a room to 
the one below. It consists of laying a floor of rough 
short hoards about half-way down the depth of the O 
joists, and resting on fillets, shaped as in Fig. 387, 
which are nailed on both sides of each joist. These 
boards carry rough mortar, often mixed with ashes or saw- 
dust (Fig. 386) ; or a layer of silicate cotton or slag wool to a 



CartetUn^ ' 


S^CTiON Mfough AB 
Fia. 389. 




I’lau and Section of a Double Floor. 


depth of 2" or 3" may be substituted. Tlie rough mortar, etc., 
is named pugging. 

Double Floors, — Double floors have beams or Wndera placed 
from 6' to 10' apart. On these rest the bridging joists which 

o 2 
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carry the floor boards. In doable and framed floors the weight 
of the whole floor is concentrated on a few points, namely, the 
ends of the binders and girders. This may be an advantage 
when there are many window op^ings, or where the wall can he 
strengthened by piers ; but, since the floor timbera help to bind 
the walls together, a single floor does this more efiectively, as 
the joists distribute the weight more equally on the walls. 
Again, double floors take up a greater depth than single floors, 
and thus, by requiring higher walls for the same height of 
rooms, increase the cost of buildings. ]3ouble floors are, how- 
ever, most suitable for rooms 
from 16' to 24' wide. Figs. 
388 and 389 show plan and 
section of a double floor. 

In order to reduce the 
depth of the double floor 
without materiaHy affecting 
its strength, the joists are 
usually (togged on to the 
binders, as shown in Figs. 
390 and 391. The distance 
that the joists are cogged on 
to the binders may be any- 
thing up to two-thirds the 
depth of the joist. As the 
upper edge only of the binder 
is cut and the joists tit tightly 
into this, and as there is a full bearing for the end of the joist, 
it will be seen that a little extra depth of cogging does not 
seriously weaken the joint. 

Ceili^ Joists. — When a plastei’ed ceiling is required on the 
underside of a double or framed floor, the plasterers’ lath.s Jiiay 
be nailed to the underside of the bridging joists, and the beams 
either wrought and their arrises moulded, oi* be “ firred out ” 
for the plasterers’ laths : that is, have strips of wood 2" by 
I" nailed at distances of from 12" to 15" apart on the three 
sides that require to be plastered. 

If it is desirable that the beams be hidden so that the ceiling 
shall be in one plane, ceiling joists 3" to 4" deep, and 2" thick 
may be fixed in one of the following ways ; 

(a) be notched to the underside of the binder as in Fig. 390 ; 



Fiq. 390.— Sketch showing Cogged and 
Notched Joints. 
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(fc) bo cut to fit between the binders, and rest upon, strips of 
^"ood named filUu (Fig. 391) ; 

(<?) have short tenons formed on the ends of the ceiling joists 
with corresponding mortises cut in the binders. When this 
method is adopted the 
Linders are “chased out” 
at one side to allow one end 
of the ceiling joists to ha 
})laced into position after 
the binders are fixed (Fig. 

391). Mortises so cut are 
named chase mortises and 
are seldom used. 

Framed Floors.— Framed 
floors are occasionally used where the distance between the walls 
in over 24' and it is not desirable to have any pillars in the room. 
A fi*amed floor consists of girdera, binders, bridging joists, floor 
boai'ds, and — when a plaster ceiling is required— ceiling joista 



Fig. 392 shows the plan of a framed floor with part of its surface 
covered with floor boards. Many of the bridging joists are 
omitted in this illustration for the sake of clearness. The 
tnmming of the joists for a fireplace and for a staircase well 
is shown. In the fireplace-trimming, the trimining joist is 
shown to haV^^two bolts connecting it to the brick work to 
assist the abutment of the arch. 



Fillet 

Fia. 301. — Section through a Binder in a 
Doublo Floor. 
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The bridging joists of a double or a framed floor are stronger 
if they are long enough to span two or thi*ee bays, although all 
joints must be on binders. Wh< 5 n this class of floor is framed 



Fio. 3^3.— iSuctiou tlirough a WocmIoh Girder, showing Tusk- tenon 
Joint between Binder and Girder. 


entirely with w^ooden beatus, the binders which are carried by 
the girders are tusk-tenoned into them, as shown in Fig. 393. 
Such a joint, however, weakens the girder considerably, and a 
stronger connection can be made by resting tbe^binder in a 


cast-iron shoe or stirrup, having a small projection behind, 

which is let into the 



beam. Tlie stirrup itself 
is •secured to tbe girder 
with coach screws. Fig. 
395 shows a cast-iron 
stirrup in position on a 
girder. Wrought iron is 
also often used for 
stirrups ; Fig. 396 is an 
example. It remains to 
be mentioned that Hitched 
and trussed girders (Figs. 
266 to 273) are often used 


Fio. 304.— ‘Sketch showing Tusk-tenon 
Joint bctwGoii Binder and Girder. 


as tbe heavy beams of 
framed floors. 


Pillars or Columns. — A modification of the framed floor just 
described is often adopted for buildings of large span. This 
consists in arranging the floors in bays of from 8' to 12' wide, the 
ends of the bridging joists of each bay being cogged on to tbe 
girders, which have intermediate supports — in the shape of 
pillars (columns) of wood, cast iron, or steel — when more than 


25' long. By using columns in this manner the size of the 
girders is reduced. 
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Cast iron columns, which are most frequently used, are hollow 
cylinders, with a thickness of metal of from f ' to 1 J". The lower 



Kuj. Cast Iron Support for Flo. 390.— Wrought Iron Support for 

liindcr. Binder. 


( utls of these cohiiiiTia rest either on large foundation stones or 
upon a base of concrete, and the upper ends have a head or 
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vertically over each other, a cast iron beam-box, which apans 
the beam, may be used to support the lower end of the tipper 
column. Another plan is to allow the upper column to fit into 
the upper end of the lower on^ the head or seatinj' of the 
lower column being large enough to support the floor girdei's. 




Pia 898. — Cast Iron Column sujiporting Wooden Girdom 


Figs. 397 and 398 show examples of the heads of columns 
supporting floor girders. 

The JJae of Wrought-Iron and Steel Oirders in Floor 
Oonstmetion* — Wrought iron and steel girders have in recent 
years largely superseded heavy wooden beams for floor con- 
struction. Although the former are stronger, and not so liable 
to decay as the latter, experience has shown that they have 
serious disadvantages. This is especially tlie ©ise if a building 
tahes fire, when the expansion that occurs, and the tendency 
to warp and buckle up, are often the cause of overturning the 
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walls and prove destructive both to life and property. A heavy 
wooden beam will often burn only until the whole of the outer 
surface is charred, and it does not expand materially with heat^ 
Wooden beams are there- 


fore to be recommended in 
preference to iron ones un- 
less the latter are encased in 
some fire-resisting material. 

When iron girders are 
used to support wooden 
joists, the joists may rest on 
the upper fiange of the 
girder, as shown in Fig. 
399 ; or on pieces of timber 
resting on the bottom fiange 
of the girder, and bolted 
through its web (Fig. 400) ; 
or again, if the joists are 



Fio, SOO.-^oistii resting on Upper Flange of 
Iron Girder. 


deep enough, they may themselves rest on the lower fianges 


of the iron girder itself. The unsightly appearance of iron 


girders when constructed as in Fig. 399 may be entirely avoided 


by encasing them in 



Pio. 400. — Joists carried by Iron Girder. 


wood or plaster. 

Stone Templates. 

— ^The ends of all 
beams used in fioor 
and roof construction 
should either rest on 
stone templates (pad- 
stones) or should fit 
into cast ii*on beam 
box(»8 which are built 
into the wall. The 
reason for this is to 


allow a firm seating for the beam, and to distribute the weight 
canied over a large surface of the ■wall. Stone templates are 
blocks of hard sttme, from 2^ to 3' long, 9" to 12" wide, and 
4" to thick. The openings, or pockets, into which the 
beams requiring stone templates rest, should be at least Ij'' 
wider than the breadth of the beam, to allow for an air-space 
on each side of it. An air-space, which may be closed by a 
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brick arch (Fig. 401) or by a stone lintel, should also be pro- 
vided on the top of the beam. 

(.Tast iron beam-boxes, made lar^e enough to allow of a circu- 
lation of air around the end of the beam, are made with aides 

from 1" to 1^" thick, and 
often have a longer base 
plate to obtain a longer 
bearing surface on the 
wall. 

Encasing of Girders.-— 

Plain wooden casings 
formed out of £" tongucd, 
grooved and beaded 
match-boarding, secured 
to rough “firring” pieces 
nailed to every second 
joist, as shown at A in 
Fig. 402, may be used. Framed and panelled linings are a 
superior alternative means of encasing gilders. This is shown 
at B in Fig, 402. ^^len the encasing is effected by laths and 
plaster, the rough packing pieces (firrings) which are required 
to carry the plasterers’ laths 
are nailed against every joist. 

Fire-resisting Floors.— A 
very effective fire-resisting 
floor constructed of wood is 
luade by spiking together 
battens or deals placed on 
edge, so as to get a solid 
wooden slab of thickness 

402.— Alternative Methods of enoaa- 
equal to tlie deptn or the jj^on Girders. 

deals used. The floor is 

improved by “grouting” the joists with liquid plaster of 
Paris. The upper surface may consist of the upper edges of 
the deals planed smooth, or a layer of floor boards may be laid 
on the top. 

A fire-resisting floor may also be constructed with iron or 
steel girders, on which rest smaller steel joists placed from 
18" to 2' apart. The space between these joists is filled with 
cement concrete to a depth of 6" to 8", a temporary sheeting of 
pJaafai being fixed on the underside to support the conorete 


r. n 



^rehccUd boards 



Fio. 401. — Vortical Section throuj'h Binder 
showing Air<8i>aoc or Fockut in Elevation. 
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until it sets. Other methods of constructing fire-resisting 
floors are by building brick arches which spring from heavy 
iron girders, or by a combination of iron gil ders and specially 
constructed fire-clay blocks, supported by the girders. 



Pio. 40S. — Sketch of part of a Piro-reMBtlng’ Floor, composed of Steel 
J oiata and Ooiicrote. 


When a wooden floor is required on the upper sin faoc of any 
of the above floors, wooden joists about li" by 3" are laid on the 
top of the iii’e-resisting material, or if this is of concrete, are 
partly embedded into it (Pig. 404) when tlie concrete is being 



^ecr/oMo^woaea 

JOiST, 

Fia, 401. 



Fio. 405.— As used in Wooden Hlock 
Floors*. 


laid. The joists are often cut oblicjuely as shown in Fig. 404. 
The floor boards are nailed to the joists in the usual manner. 

Instead of using joists and boards on the upper surface of a 
concrete floor, wooden blocks of shape shown in Fig. 405 may be 
used. The bkaiks are from 6" to 12" Jong, 3" wide, and from Ij" 
to 2" thick. They are secured together and in position by being 
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^ ^pped in a hot oompoaition, of which pitch or tar fonus 
toe bwia. A decided advantage may be claimed for a 
block floor, in that, in echools, librariea, and where the floor 
wnnot weU be canted, it ia ndljmleaa as compared with the 
joist and boarded floors. 

IMmeimoiis of Floor Bowds—Floor boarding, like all 
timber, however weU aeaaoiied, is liable to shrinkage. To 
mmiinise this as much as possible, floor boaids are cut into 
narrow widths, and in the best class of floors they are seldom 


e. 






Ton^ued scgroov9d^ 

Flo. 407. 



rebaud ieifUeied^ 
Fio. 400. 



^:pecuUfy TotMffuea^i:‘groowL 
Fio. 411. 

Floor Board Joints. 

more t)^ 4" to 5' wide. Ordinarily, however, they vary from 
4 to 1 in width, and from J' to IJ" in thickness. It is not 
uncommon in warehouses, or where heavy traffic exists, to use 
wrought battens or deals, the thickness of which is 21" and 3”. 

Floors are fi^uently laid with two thicknesses of boards, the 
lower one cmsisting of rough boards about |' thick. The ton 
left «ntil the plastering is finished 
Md the budding fairly dry, there is then less liability of the 
filled f^r surface being affected by dampness. 

Joiats.-The edges of floor boards, or floor 

.niv i commonly used are the tgmre edMd 

(I^. 406) and the tongued and grooved (Fig, 407). Figs. 406 to 
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411 show oiher lesa-frequently employed joints with their 
distinctive names appended. Fig. 411 shows a form of joint 
used in the construction of superior floors. With such a joint 
each board must Ije nailed and laid separately to the joists, the 
object being to obtain a finished floor 
surface free from unsightly nail-holes. 

Heading Joints. — Heading joints are 
those formed by joining the ends of boards 
together. A heading joint must always be — ^ i. ^ 

over a joist. The ends of the boards may Joint ^ 

be cut square — a square heading joint — Fia. 412 . 

(B'ig. 393) ; cut obliquely through the thick- 
ness as sliown in Fig. 385 (a splayed heading joint) ; or a tongued 
atid grooved joint may be made (Fig. 41 2). Another joint, named 
a forked heading joint, and illu8tt*ated in Fig. 413, is sometimes 
used. For ordinary work, the lalnmr involved in the making of 

this last-named joint is not com- 
pensated for by any advantage 
in its use over those previously 
described. 

Materials used, and Methodif 
of Laying Floors. — Several 
different kinds of timber are 
used for floor construction. 
Perhaps that in most geneial 
use, and applicable eitW to 
beams or girders, floor joists, 
ceiling joists, and floor boards is 
red or yellow deal {J*inus sylvestrii). 
It is one of the strongest of soft woods. Bprace or white 
deal {Picea exceha) is also largely used for joists and floor 
boards. Pitch pine is very suitable for the girders and bindei's. 
Pitch pine, birch, maple, and oak are often used for floor boards. 

The nails used for nailing down the floor boards are named 
hrads. They have, as Fig. 321 shows, a small head, which when 
driven below the surface of the boai’d leaves only a small hole 
visible on the floor surface. 

The heavy timbers sucli as the girders and binders, as well as 
the floor Joists, are placed in position as the building proceeds. 
When wall pt^^es are used these are laid level at the proper 
height ; the necessary joints are made for the trimming for 
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hearths, staircase wells, and any other openings that may 
require to be provided for ; and then the joists are placed in 
position as required. These timbers serve as a tie for the wails ; 
they are also an aid to the build^))^ in carrying up the higher 
parts of the building, as they to some extent take the place of 
scaifolding. 

For ordinary dwelling houses it is usual to lay the floor boards 
directly the building is covered in. There are disadvantages in 
this plan, inasmuch as, if the boards are well seasoned, the damp 
state of the building, along with the dampness caused by the 
plastering of the Avails and ceilings, causes the floor boards to 
swell, and often to rise from the joists. When the building 
becomes dry the boards again shrink and open joints result. 
The narrower the boards the less the shrinkage that takes place 
in each one. Again, as previously explained, wood shrinks 
moi'e tangentially than radially to the annual rings, therefore a 
material difference will result from the way the boaids are cut 
from the log. 

When two thicknesses of bt>ards are used, the lower layer can 
be laid and used as the floor, and the upper layer need not be 
laid until the building is diy and the plasterei-s’ work is finished. 
With this class of floor the square-edged joints are generally 
used. With floors laid with only one thickness of boards, the 
tongued and grooved joint is to be preferred. The heading 
joints of a floor are usually very numerous. They should always 
be on a joist, and should not all meet on the same joist ; nor 
should they be in sti^aight lines. 

Floor cramps are used for cramping the joints of floor boards 
together when being laid in position. Many different types are 
obtainable, especially for use with single layers of boards. 
Figs. 221 and 224 are types which clip the joist when being used. 
For the upper layer of a double-boarded floor, iron doga are 
often driven over the middle of joists into the floor previously 
^aid ; and the floor boards are forced into position by folding 
wedges of liard wood bearing against the edges and the dogs. 

Another plan is to “ buckle ” the floor boards into position. 
This may be done by securely nailing the outermost of five 
or six boards, and tlien “folding” or “buckling” the inter- 
mediate boai'ds into the space left for them. 
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Summary. 

Wooden floon are known as ftingle^ doublet or framed, according to 
the arrangement of the tinil>ers composing them. They consist of 
joista, hinders, girders, floor hoards, and ceiling joists. 

In floor joists tlio usual ratir> of depth to brcjadth is 3 to 1. 

Joists ought, whenever possible, to rest ii]K)n offsets or corbels in 
preference to being built into the wall. When a joist, hinder, or 
girder is built into a wall, an air-space should be left around it 
to prevent decay of the timl)er. All binders and girdeia should 
rest on stone templates. ArouTid staircase openings and fireplaces 
the joists are trimmed ; the best joint for trimming is the tusk ienon 
joint. 

Floors are strengthened by hen'ing-hone bridging, or by solid 
strutting. Joists and binders are connected by a cogged joint. 
Hinders and girders may be connected cither by a tusk tenon joint, or 
by means of an h'on stirrup. 

Iron and ste^l girders are much used in floor construction. The 
heavy beams of large floors are often supported in addition by 
intermediate cast iron columns. Floor boards may have their edges 
square, tongued and grooved, grooved and fllleted, rehated, rehated and 
filleted, or tongmd and giooited for secret nailing. It is often an 
advantage to have two thicknesses of boards on the same floor. 

Small rectangular wooden blocks, laid upon concrete, are often used 
instead of joi.sts and boards. 

The timber used for floor lioards may be red deal, ichite deed, pitch 
jjine, oak, hirch, or maple. For joists generally, red or white deal, 
and for heavy girders, binders, etc., red deal or pitch pine is 
employed. Specially devised cramps are used in the laying of floor 
lx)ards. 


Questions on Chapter VIXL 

1 . Define the difference lictwecn a single, a double, and a framed 
floor. In what circumstances should each kind be used ? 

2. How far apart should floor joists be placed? What should Ikj 
the sizes of floor joists for a single floor of 8 ft., 12 ft., and 14 ft. 
span respectively ? 

3. Di'aw, to a scale of IJ in. to one foot, vertical eros8-secti<jna 
through the wall supporting the joists of a wooden floor, showing 
three different feeUiods of carrying the ends of the joists other than 
by building them into the wall. 
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4. Shew tho method of ** trimming” round a fireplace, and make 
a dimensioned sketch of any joints you would use. Give sketches 
illustrating herring-bone and solid strutting. 

5. Draw a plan and a section showing how you would trim round 
a iireplaoe. 

6. Show by sketches throe dideront methods of stiffening a floor 
by strutting. Explain what is meant by Bound-lx>arding and 
pugging. What is pugging composed of, and why is it used ? 

7. Draw, to a scale of 1 J in. to one foot, two sections sikowing tho 
cogged joint between tiie floor joist and tho binder of a double 
floor. 

8. Show by skotohes, onc-quarter full size, how you would tenon 
a common joist (9 in. by 3 in.) into a girder (9 in. by 6 in.), carefully 
marking the relative proportions of tho various parts. 

9. Draw to scale of J inch to a foot, plan and section i)f a framed 
floor to a room 20 ft. by 14 ft., with fireplace in the long side, and 
give two details of joints, onc-cighth full size. 

10. A warehouse floor, 24 ft. by 32 ft., has an iron giftler across 
the middle. Show to scale J inch to a foot, how you would construct 
tho floor ; and give detail J full size of tho connection of your work 
with the girder. 

11. Show by sketojibs onc-quarter full size, and exi»lain, three 
methods of fixing flr joists to iron girders. 

12. Give J full-size sections of diflerent joints of floor boanls, 
including heading joints. 

13. Describe, as it woiild appear in a carcfully-'worded specifica- 
tion, the flooring you would recommend, I'cgardless of cost, for a 
ground-floor library, and similarly descrilko other cheaper forms of 
flooring, including an ordinary yellow deal floor laid straight joint, 
and explain the technical terms used in your description. 

14. Defioril>e tho most suitable timlxjr for general use in floor 
construction for : girders, floor joists, floor boards. 

15. (a) Make a sketch of a floor cramp, and doaoribo the method 
of ushkg it. {h) Make a sketch of a floor brad, (c) Describe and 
sketch the appliances suitable for use in cramping the upper layer 
of boards in a floor liaving two thicknesses of floor boards. 
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WOODEN ROOFS. 

Slope of Roof. — Tlie arrangement of the timbers used in the 
construction of the roof of a building varies according to cir- 
cumstances. Many considerations, such as the class of building, 
the style of architecture, the size of rooms, the material to be 
used for covering, the climatic conditions, etc., must be taken 
into account. Slates and tiles are most frequently used as 
coverings in this country, but other materials— -such as thatch, 
corrugated iron, asphalted felt, copper, zinc, lead, and concrete. 
— are often used. 

With copper, zinc, lead, etc., the roof surface may be laid 
nearly horizontal, but slates and tiles require a sloping roof, the 
inclination of which varies fi'ora twenty-five degrees (25®) to' 
sixty-five degree.s (05®) for slates ; and from thirty-five degrees 
(35®) to sixty-five degrees (65®) for tiles. A common pitch, when 
slates are used, is one-fourth (^) or one-third (j^) the span, which 
means that the vertical distance from the level of the top of the 
walls to the highest point of the roof, when it slopes equally 
both ways, is respectively one-quarter or one-third the width of 
tlie building. 

Parts of a Roof. — The highest part of a roof sloping both 
ways is named the ridge; the horizontal piece of timber form- 
ing the ridge is called the ridge piece or tldge tree. The timbers 
placed in the direction of the slope of the roof are named span 
or oommoa rafters. The common rafters, which are from Z'" 
to 4^" deep, and 2^ to 3" thick, should, even with the larger size^ 
be supported at intervals of not more than 8'. The lower edges 
of a sloping are called the eaves. Wall-plates, to which the 
low^ ends of the common rafters are nailed should be bedded 
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on the wall at the ea^es. Intermediate horizontal timberSi 


which support the common rafters, are known as purlina. In 

^dwelling houses the walls 
iterve to carry the purlins, 
but with large buildings, 
framed trusses arc required 
for this purpose. Distinc- 
tive names ai'e given to the 
different types of roof truss 
according to their size and 
shape. A hip is an angle 
made when abuilding, instead 
as at ^ 

(Fig. 414) has the roof 
returned round the end of the building as at B. A valley is 
formed when two roof surfaces meet together and form an 
internal angle. Hips and valleys are constructed wtth strong 
timbei's placed on edge ; 



they are carried by the 
walls or r(X)f trusse;?. 
The timbers are nambd 
hip or valley rafters, 
and carry the common 
rafters that abut 
against them. Such 
short common rafters 
are known as Jack 
rafters. 

Lean-to Boof.— The 

simplest kind of slop- 
ing roof is that where 
one wall is carried up 
sufficiently higher than 
the other to give the 
required slope to the 
I'oof. Such a roof is 



called a lean-to roof (Fig. 415). In all cases where the length 
of the common rafter is more than eight feet, one or more 


purlins should be inserted. 

Oouple Boof. — A couple roof is one in which the common 
rafters slope upwards from opposite walls and meet a ridge 
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piece in the middle. The common rafters arc securely nailed to 
the ridge piece and to the wall-plate on each wall. The common 
I'afters have no tie or other support in this class of roof, there- 
fore the tendency is for the walls to be thrown over by the 



ing CoTuniun Kuftcr. 

weight of the roof. Such couple roofs arc only used on small 
buildings, where the span is not more than 12' (Fig. 416). 

How Common Rafters are Fixed. — In cottages and dwelling- 
houses generally, the inside walls of which at e carried up to the 
roof, the common lafters are nailed to tlie ridge piece, lo the 




Wwidcn Purlins supporting Common 1 lafters. 


wall-plates, and to purlins which extend from wall to wall. The 
size of the purlins depends upon the distance between the walls 
of support ; the purlins may be placed either with one side 
vertical and with the top corner cut off to the slope of the 
roof (Fig. 418), or, as shown in Fig. 417, with one side at right 
angles to the slope of the roof. When the purlins are placed 
as in Fig. 417, the proportion of the width to the thickness 
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should be adjusted so that, when in portion, a diagonal of the 
cross section is vertical. Wheh the slope of the roof is steep^ 
the common rafters are often notched on to the upper edge of 
the purlim for about three-quarters of 
an inch (Fig. 419). 

When the walls which support the 
purlins are more than about 16' apart, 
and it is not desirable to insert a 
framed truss of the usual type, the 
purlins may be trussed as explained 
in Chap. VII., and illustrated in Figs. 
268 to 273 ; or rolled steel or wrought- 
iron girders may be used as purlins. 
These iron purlins, however, require 
“lining up’* with pieces of timber, 
which are bolted on the top of the upper 
flange, and to which the common rafters are nailed (Fig. 420). 

Ceiling. — The ceiling under the roof of a dw'elling-house is 
obtained by fixing the ceiling joists, which are to carry tho 
laths and plaster, level with the top of the side walls ; or, to 



SSCr/ON through the RoOF of a COTTAGE 
Fig. 421 


obtain ad<£tional height in the rooms, the ceiling joists may be 
placed part of the way up the slope of the root When securely 
nailed together and to the common rafters, these ceiling joists 
form a tie which strengthens the roof. To stiffen them further 
they are secured together and to the purlins with pieces of 
quartering, named stays, about S'' by 4'' in section (Fig. 421). 
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Oollar4)ew Boof. — For spans between 12' and IS' the 
collard^eam roof is used extensively. Its construction is effected 



by framing each pair of conmion rafters into a light truss, and 
connecting them by means of a horizontal tie named a collar- 



PiQ, 423. — Joint between Ckillftr*l>eam and Cornmon Pafter. 


beam. The height of the collar-beam is determined by the 
amount of room required ; the lower it is placed, the stronger 



Pio. 424.— Joint between GoUar*beaxu and Common Rafter. 

is the roof. Itf. is usually fixed at one-third or one-half the 
vei*tical height from the wall to the ridge. The joint connecting 
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the collar-beam to the roof may be a dovetail-halved-joint 
(Fig. 423), or a halved and cogged joint (Fig. 424). Both these 
joints require further securing with bolts. 



Fio. 4‘2ri. — Bird’s-niouth Joint 
at F<Kit of liafter. 



Fio. 426. — Joint at Head of Rafters in 
Collar-beam Roof. 


The lower ends of common raftci's are cut and nailed to tho 
wall-plate as in Fig. 427 ; or, if tho ends of tho rafters overhang 
the wall, they are cut as shown in Fig. 425. Botli these joints 

are known as hircPa-moiitk 
joints. 

Each pair of common 
rafters is conneetod at tho 
upper end by means of a 
cleaty leaving a slot to receive 
the 1 ‘idge piece (Fig. 426). 

Framed Roof Trusses.— 
Wlien the span exceeds 18' 
and there ai*e no inside cross 
walls to carry the purlins, 
framed structures known as 
roof trusses are used for the 
purpose. 

Such trusses should Iw so constructed that when complete 
they are as rigid as possible. With this end in view the timbers 
(members) of each truss are arranged to form a series of 
triangles. A guiding principle should be that each purlin is 
directly supported by a member of the truss in such a way that 
the members are subjected to direct tension or compression 
stresses only, and not to cross stresses. 



Fia. 427.— Bird’s-moutli Joint at Fwt of 
Rufteru. 
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This principle, along with the fact that purlins should never 
be more than 8' apart, decides the shape of the truss for a given 
span. The joints of all wooden roof trusses should be arranged, 



as far as possible, at right angles to the grain of the wood, so 
that they will be least aflectod by shrinkage. 

Tlie distance between the trusses is inflaencod by the position 
of window and other openings ; no truss should be fixed 
directly over such an opening. It is not economical to ])lace 
trusses much further apart 
than 10', on account of the 
inci'eased size of the purlins 
required. 

King-post Truss.— Fig. 428 
shows the elevation of a King- 
post truss with the names of the 
different members a])peiided. 

As will be noticed, tlie truss 
derives its name from the 
central upright, called the 
King-post. The horizontal tie- 
beam prevents the principal 
raftere from spreading. The W 

stmts are arranged to sup{)ort 

the principal rafters at points l>eneath the purlins. Up to 
spans of 28', with a pitch of not more than oue-tiiird the span, 
it is sufficient to have one purlin on each side. In such a case 
a King- post truss is most suitable. 

Joint at Foot dt^Frinolpal Bafter. — This joint should be directly 
over the wall, as shown in Fig. 429, or if it be necessary to have 
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it soiuo distance from the wall^ as in Fig. 430, a stronger tie 
beam will be required, since additional sti'ess is in such a case 
put on that member. Figs. 431, 43^, and 433 show three difierent 
ways of making this connections^ between the tie-beam and 



Fio. 430.— Incorrect Position of Joint in a Hoof Truss. 



principal rafter. 1^ each case tlie end of the principal rafter is 
cut at right angles to the grain of the wcfod for half its width. 
In Fig. 431 a stump tenon is cut on the end of the principal 
rafter, and a corresponding mortise made in the tie-l)eam ; 

in Figs. 432 and 433 a 
bridle joint is formetl. 
\ An iron holt may be 

/ used to secure the joint 

y (Fig. 428), or wrought 

Iron straps, arranged in 
^ variety of ways, may 
employed (Figs. 433 
^ and 438). 

Joint at Head of King- 
Fio. 431. Fio. 432. POSt. — Fig, 433 shoWS 

Sketches of Joints at foot of Principal Buftor. elevation of the 

joint between tbe upper 
ends of the principal rafters and the King-post. Each principal 
rafter is stump tenoned into the King-post — which is made 
wider at each end to obtain a square abutment — the joint being 
secured by a wrought iron strap placed on each side and bolted 
through each member as shown in the illustration. 



WOODEN ROOFS. 


Jditit at B&di of Strat. — The strut has the upper end either 
bridled or stump tenoned into the lower edge of the principal 
rafter, and the lower end stump tenoned into the lower end of 
the King-post, which is mortised to receive it, as shown in 
Fig. 433. 

Joint between King-post and Tie-beam. — ^The lowev end of the 



'Stone template 

Fia. 483. — Details of the Joints of a King>post Roof Truss. 


King-post is stump tenoned into the upper edge of the tie-beam 
for a distance of about 2", and is secured with either : 

(а) A stirrup iron and gibs and cotters ; 

(б) A joint bolt ; 

(c) A wi ought iron strap and bolts. 

In the consti-uction of the truss, the joint between the King- 
post and tie-beam is left about one inch shick, and by using 
as the fastening either the stirrup iron z^nd the gibs and cotters, 
or a joint bolt, all the joints of the truss are drawn close, and a 
camber (arching) of about in 10' is given to the tie-beam to 
prevent it from sagging when it is placed in position and 
loaded. 

A stirrup Iron is a U-shaped wrought iron strap, which em- 
braces the tie-b^m and the lower end of the King-post, and 
is fastened with two iron clips called gibs, and iron wedges 
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called cotters. The length of the stirrup iron, to the holes 
through which the gibs and cotters pass, is about double the 
depth the tie-teiiiL Fig. 434 shows 
a sketch of this inode of fastening, 
where two gibs and two cotters are in 
position ready for tightening up. It 
is advisable to note carefully the 
spaces left for tightening up the joint. 
These are shown in Fig. 433 where the 
lower gib rests on the wooden King- 
post, and brings it down towai'ds the 
joint ; the upper gib bears against the 
iron stirrup, and in tins way draws 
the tie-bearn towards tlie joint ; so 
that when the cotters ar*e driven tight 
they may draw the joint togetlier. 

A Joint bolt, as lias betn explained 
previously (p. 176), is a bolt with a 
flat square head, and a pointed end 
which is threaded for a distance of 3" 
or 4*^; it is provided with a flat nut which is in this case let into 
the King-post. The length of the joint bolt is about twice the 
depth of the tie-beam ; its 
diameter is from to 1"* 

In fixing, a hole is bored for 
the required distance through 
the tie-beam and into the end 
of the King-post. The flat 
nut is let into the King-post 
in a line with the hole thus 
bored, so that the end of the 
joint bolt will pass into the 
nut. It is tightened up by 
turning the joint bolt with 
a spanner. In Fig. 439 a 
joint bolt at the lower end 
of a Queen-post is shown. 

Figs. 43.') and 436 show a 
U-shaped wrought Iron strap, 
bent to clip the tie-beam and King-post, and held in position 
by bolts. Although often adopted, this arrangement does not 


Qtteenpost 
Ml Strap 



Seeno/f 

through CJy. 

Fio. 485. Flo. 43G. 

Foot of Queen -poRt showing Wrought Iron 
Straps and Dolts. 



Fio. 434. — Sketch of .Toint 
at Fwt of King-post showing 
Stirrup Iron with Gibs and 
Cotters. 
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allow of tightoning up the jointe of the truss, and is therefore 
not 80 good a means of securing the joint as either of the 
two previously desciibed. 

The ends of all tie-beams should rest on stone templates and 
have air-spaces around them as de- 
scribed for floor girders (p. 207). 

Joint between Purlin and PrindiMLl 
Rafter. — ^Tlie best construction is efiected 
by resting the purlin on the upper edge 
(back) of the principal rafter, with a 
cogged joint (p. 202) and obtaining 
additional support by housing a cleat 
into the principal rafter on the lower 
side of the purlin. 'J’his arrangement 
is shown in Fig. 433. The carrying power of the purlins is 
increased if each is long enough to pass over two bays. Another 
plan is to tusk-tenon the end of the purlins into the side of 
the })rincipal rafter — so that the upper edges of the purlin and 
rafter are in tlie same plane — securing the joint with a 
wedge ; or, if the tenon only goes into the mortise for about 




half the thickness of the principal rafter, it may be secured 
with a joint bolt. 

Queen-post Truss.— A Queen-post truss is arranged to 
sup{K)rt a roof which hits two purlins on each side of the ridge. 
Spans of ordinary pitcli, of not more than 40', allow of this 
truss being used. A Queen-post truss is shown in elevation in 
Fig. 438, with the names of the difiereut members indicated. 
Tliis truss diflert^ fi'om a King-post truss in having two vertical 
members (Queen-posts) tlie upper ends of which are placed 
H.C.J. B 
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between the upper ends of the priaolpal xiitere and the ends of 
a horizontal ooUax or strainlsff lieain. Another member, which 
is not found in the King<posi> truss, is the stralsinsr silL It 



Fio. 439. — Details of Joints at Upper and 
Lower Ends of Qiieou^post. 


rests upon the tle-beom, 
between the Queen -posts, 
and counteracts the thrust 
of the struts. 

The joints of this truss 
are made similar to those 
described for the King-post 
truss, with tho exception of 
the Joint at the head of the 
Queen-post. This joint is 
shown in elevation in Fig. 
439, where the ends of the 
principal rafter and the 
collar beam ^ro stump- 
tenoned into the Queen-post, 
and secured with wrought- 
iron straps and bolts. The 
Queen-post, like tho King- 
post, is wider at each end 
to provide a l^etter abut- 
ment for the principal rafter 
and the lower end of the 
strut, whicli is stump- 
tenoned into it as showr. 
in Fig. 439. 

The joint at the lower end 
of the Queen -post is secured 
with a joint bolt, and the 


straining-sill counteracts the thrust caused by. the strut. 

Other Wooden Roof Trasses. — The King- and Queen-post 


roof trusses just described are typical examples of truss con- 
struction for roofs of ordinary pitch. An almost endless 
number of modifications is however to be found, even in 


trusses built of wood only ; while with a combination of wood 
and iron still further scope for modification is available. Figs. 
440 to 442 illustrate some of the chief variations from the types 


already explained. Figs. 440 and 441 show in elevation trusses 
having three purlins on each side and therefore suitable for 
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spans to about 52'. In Fig. 441 tbe Queen-posts are so placed as 
to support the middle purlin on each side, and a King-post is 
added with struts in order to support the ridge and upper pur- 
lins. In Fig. 440 smaller posts arc added on cither side of the 
Queen -posts ; these are called Princess-posts, and provide the 




abutment for the lower ends of the short struts that suppoi't 
the low^er purlins. 

Fig. 442 is a diagram of a still larger truss, one wliich supports 
four purlins on each side. With such a truss there are often 
two principal rafters — one extending to the Queen-post only 
(called a cushion rafter) ; the other, which rests on the top 
of this, and extends to the ridge, being bolted at intervals to 
the lower one. It might be difficult, in a truss of this size, to 
obtain a tie-bee^ long enough in one piece. A tie-beam in 
two lengths should have the lengthening joint (which is 
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generally a scarfed joint) between the Queen-posts, with the 
straining sill to act as a fish-plate or cleat. 



Such large trusses require very heavy timbers in their con- 
struction ; and as the roofs they sup])oi‘t have a wide surface, 
the wind has, in stormy weather, a considerable eflbct uj)(>n 



Fjci. 440. — Elovntion u£ a Hoof in two Il;iya. 


th(‘in — a fact which must be taken into account in their con- 
struction. In large sheds or buildings of wide span where it is 
no inconvenience to place pillars of cast iron, the I’oof may with 



Fio. 444.— Liiio Diutfraiii of a 8]icd*lloof. 


advantage be constructed in bays. Fig. 443 shows a loof of 
this description having two bays. The same principle may be 
applied to any larger building and any number of bays. 
Fig. 444 shows in line diiagram a cross section of a shed-roof 
where the light of the room is entirely obtained from the tool 
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In this example the side of the roof containing the lights — 
preferably facing the north — is of greater inclination than the 
one covered with slates. 

Combined Wood and Iron Trusses.— Roof trusses are often 
constructed with a combination of wood and iron. In such 
trusses the members in trvsion are of iron ; those ir» cwnpresnimi 
are of wood. Iron members in roof ti'ussfjs impart an ai3pear- 
iince of lightness without sacrifice of strength, and when used 
with iron connections also make it practicable to employ 
simpler joints. The main objection to this class of truss is 
that while the iron is affected by varying temperatures and 
expands with heat, the wood is practically not a fleeted. Iliis 



difference of behaviour render.s the truss liable to bo over- 
strained ill parts. Again, plaster ceilings cannot conveniently 
be secured when an irem tie-rod takes the place of the tie- 
beam. 

A truss suitable fur a roof having one purlin on each side 
is shown in Fig. 445. In this truss an iron Elng-bolt takes the 
place of the wooden King-post. The lower ends of the principal 
rafters fit into cast iron shoes which are secured to the tie-beam 
with bolts and ^oach screws. 

Fig. 446 shows a modified form of collar-beam truss with 
tension rods instead of the tie-beam, and with a king-rod 
replacing the king-post. In this example the collar-beam is 
placed so that it directly supports the lower purlin, and the 
truss supports two purlins on each side. By placing the collar- 
beam higher, anS dispensing with the strut, this type of truss 
could be used instead of a King-post truss. 
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Fig. 447 sbowB part elevation of a modified Queen-post truss, 

the only alteration being in the substitution of bolts for the 



11*011 Tic-roda. 

Queen-posts, with a consequent simplifying of^the joints. 
Trusses for larger spans are shown in Figs. 448 to 450. Fig. 451 
shows an ornamental cast-iron strut for a roof truss, the only 
wooden members of which are the principal rafters. 



Flo. 447.~Part Elevatiou of a lloof Truss with Troh Queen-rods. 


Cast-iron connections are often used in order to simplify the 
joints of both wooden and combination trusses. Figs. 452 and 
453 show in detail two different connections at the foot of the 
principal rafter. Fig. 454 is a sketch of the cast-iron head 
used at the upper end of the principal rafters in Fig. 446. 
When long wrought-iron bolts are used as in Figs. 449 and 450, 
they are best if both ends are threaded and provided with nuts 
which should bind against large plate washers when tightened* 
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lypes of CompoHito Roof Tniagaa. 
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Ceiling Joists.— When wooden roof truHses are used, and 
a horizontal planter ceiling is required, the ceiling joists may : 

(a) be notched and 
nailed to the under sides 
of the tie-beams; 

(h) rest on wooden fillets 
nailed to the sides of the 
tie-boains so as to come 
either level with the under 
side or part way uj) the 
beams ; 

(c) rest on the top of 

F 10 . 451.— CaHt-lron strut with Wrought, 

iron TuiiHion and Tiu.roda. tlC-bOilIUS and 1)0 

nailed down to them. 

Ceiling joists cannot be conveniently fixed to iron tie-rods. 
Eaves of Roof. -The finish at the caves r*cpcnds upon 
whether : • 

(a) the roof finishes practically in a line with the vertiital 
surface of the wall ; 





Alternative Arrangomciits of Cofli-iron Slioca at the Foot of tho 
Priiiciiial llaftor. 


(?>) the roof overhangs the wall for some distance ; 

(c) the wall is continued above the eaves, with the rain-water 
gutter in the angle between the wall and the roof surface. 

MTiere the I'oof finishes flush with the surface of the wall, 
as in Fig. 433, the lower ends of the common rafters are cut 
to fit the wall -plate, and the eaves gutter lies partly on the 
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wall, being secured to tlie wall-plate : or, it may rest on pro- 
jecting brick, or stone, corheU placed from two or three feet 
apart. 

Overhanging Eaves. — Fig. 

428, shows the eaves 
overhanging the wall ; 
this method affords a 
means of protecting the 
wall from the weather. 

The projection varies con- 
siderably, and may be 
anything from A!' to 2' 

The lower ends of the 
common rafters may be 
wrought and moulded, 
with tbe eaves gutter 
carried by wrouglit-iron 
straps nailed or screwed to 
every second or third rafter ; or a wide vertical board, named 
a fascia hoard, may be nailed to the ends of the common I’aftors. 



In Fig. 456, v^lilch is a section through the eaves, the 
fascia boai'd is shown with a bed mould secured to it and 

M.O.J. H 2 



Flo. 4m . — Sketch of CuHt'iron Connection 
at Upper Ends of Prineiiuil Haftcrsaiid Kins’- 
rod. 
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supporting the eaves gutter. The boai^ling on the under side 
of the common rafters — which may either be nailed to the 
lower sides as shown, or flxed^ horizontally, as indicated by 
dotted lines— -is named soffit hoarffing. 

Gutters Milnd Parapet Wall. — Fig. 438 shows on its right side 
a wall reduced in thickness, and continued above the roof sur- 
face. Such a wall is known as a parapet wall. In these cir- 
cumstances the rain-water gutter is formed in the angle behind 

the wall. Seveial different types of 
gutter ai e used ; and as the arrange- 
ment of the timbers is governed 
by the type of gutter, it will be 
necessary to describe it in detail. 

When the gutter is of cast iron, 
as shown in section ia Fig. 460, 
and the wall is diminished in the 
manner indicated, the lower ends of 
the common rafters may rest on the 
wall-plate as shown. 

Cast-iron gutters arc made in 
long lengtlis', and have the advan- 
tage of not lequiring so great a fall as lead gutters, llie 
joints are made with a cement obtained by mixing cast-iron 
borings with sal-ammoniac and w^ater. When lead is used for 
the gutter it may he either a parallel, box, or trough gutter, 
that is, of the same width throughout its length ; or, it may 
be a tapering gutter, t.e. one which varies in width according 
to the length and the amount of fall. 

PanUiei gutters are from 9" to 13'' wide, and require, on the 
roof side of the gutter, a horizontal beam similar in size to a 
roof purlin, and called a pole plate, which carries the lower 
ends of the common raftera. The space between the pole plate 
and the wall is prepared for carrying the lead gutter. As 
sheet lead cannot well be laid in longer lengths than 10', and 
requires a fall of at least one inch in ten feet, the boarding 
which carries the lead must be laid accordingly. All gutter 
boards must be firmly supported, must have their length in 
the direction of the flow, and must be free from all sharp 
edges or arrises. To obtain these conditions it is necessary 
to have gutter bearers^ to which the gutter boards are nailed, 
Itlaoed from 15" to 16" apart. Fig. 457 is a vertical croes-section 





Fio. 458.- Section througii a Parallel Fio. 460.— Section tlirough aP&raUel 
Gutter bobind a Stone Cornice. Gutter between two Sloping IlocdiB. 
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of a parallel gutter behind a parapet wall, and Fig. 458 is a 
section of a similar gutter behind a stone cornice, where the 
arrangement of the roof timbers is similar to that behind 
a parapet wall. 



4«1.— Soction through a Taper Fro. 401?.' -Ejection through a Tiii>cr Gutter 

Gutter behind a Parapet Wall. between two Sloping lioofN. 


In Figs. 460 and 461 cross-sections are shown through taper 
gutters behind a stone comice and parapet wall respectively. 
With a taper gutter the common rafters may be supported 
by a wall plate : a pole plate being dispensed with. A taper 
gu^^ter is applicable to any place where a parallel gutter can 
be used. To secure the necessary fall, bearers of gradually 
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inci*easing length ai*e nailed to the sides of the common rafters. 
Such a gutter is of necessity widest at the highest point. Tlie 
eliape of the plan of tlie gutter depends on the sJope of the 



Fio. 465. 


roof and the position of the outlets. The flatter the roof, the 
wider is the highest part of the gutter, as will be seen by 
referring to Figs. 463, 464 and 465. 

A gutter between two sloping roofs that meet may be of cast 
iron as in Fig. 466, in which case flanges on the outer sides 



238 A MANUAL OF CARPENTRY AND JOliTKRY. 


serve to carry the lower ends bf the common rafters. Fig. 459 
shows a parallel gutter lined with lead, where a pole plate is 

^ requii*ed on each side 


I 



Fxo. 466. 


to carry the common 
rafters. Fig. 462 is 
the section of a taper 
gutter between two 
sloping roofs. Insteiul 
of the wall which is 
shown carrying the 
common rafters in Fig. 
462, a beam or ti-ussed 
girder might be used. 

RoU and Drip.- The 


joints which are used for connecting the sheets of lead together, 
and fo?' which, in gutters and lead flats, the (rarpeiitcr has to 



Fig, 467. Fiu. 4G8. 




Fig. 471. 


make provision, are the roll and drip. Typical examples of 
i^ese are shown in Figs, 467 to 471. It ought to be noticed 
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that the upper part of the roll is circular, and has a height 
of a little more than the width. 




Hk/utdoffUiing tmai 
MtUaw roUorswm. 


Fio. 472. Pro. 473. 



474. Fio. 475. 


GesepooL — A cessjiool i.s a lead-lined wooden box placed at 
the lowest part of a lead gutter. Into it runs the vrater, to 
be afterwards con- 
veyed by means of 
the rain-water pipes 
to the drains. Ihe 
outlet at the bottom 
of the cesspool should 
have a rose or perfor- 
ated covering to pre- 

% ent dirt, dead leaves, Pio, 470 . — IjongitTidinal Section through a load- 
etc., from entering CcsHpuoi. 

and clicking the rain- 

yrater pipe. Fig. 476 is a longitudinal section through a 
cesspool. ^ 

Gutters heMnd cniiximeyB. — utters behind chimneys are sel- 
dom of such leii^h that they reqnii'e drips. If the length 
exceeds four feet it may be advisable to place a roll in the 
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middle .and. arrange the gutter boards to fall each way. 
Fig. 477 is a cross-section through such a gutter. 

fljo^ow Boards. — ^To prevent the 
danifhiing-up and consequent leak- 
age resulting from accumulations 
of snow, dead leaves, etc., in the 
lead gutters above described, 
rough frames of wood are usually 
laid over them. They also serve 
to protect the lead. 

Gables. — With roofs that have 
overhanging eaves, it is quite a 
usual method of construction to 
arrange the roof to overhang 
the gables, and to hide the 
common rafters and the ends 
of the slates with sloping boards called barge toards, and 
shown in Figs. 521 and 522. Great variety of style of barge 
boards exists, from the ])lain board about 7" wide, with a 
simple cap]>ing oi> the top, to the framed structure that 
almost completely' hides the gable. Tir all cases care should 
be taken to have thoroughly seasoned timber entirely frtse 
from sap wood, to have well-made joints so arranged that the 
weather cannot affect them, and to liave them painted and 
properly secured. The capping on barge boards should be 
wide enough to overlap the joint l)etween the slates and the 
board. 

Trimming. — When roof-lights, chimney shafts, large venti- 
lators, etc., occur on a roof, the common rafters around them 
require framing in order to support the ends of the short 
rafters. The joint used is the mortise and tenon secured 
with wedges or nails, and the method of fi^aming is called 
trimuiiiig. 

Boofs to be covered with Lead or Zinc.— Roofs of this 
description have their surfaces nearly horizontal and are 
covert with boai*ds, care being taken to nail down the edges 
of the boards so that there is no warping nor projecting 
arrises. Tlie preparation of the necessary drips and rolls for 
the plumber is the work of the carpenter, and he nmst know 
that sheet lead ought not to be laid in longer lengths than 
10 feet, nor in wider sheets than 3 feet 



Fio. 477. —Soctioti through a Ticad 
Guttor bohind a Ghinuicy or Wall of 
a higher Guild ing. 
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The boarded surfaces are carried on mfters that require to be 
stronger than the ordinary lufter ; if the span is great they are 
suppoi'ted by girdei's (»f wood or iron. 

Such roofs are often covei*ed with vulcanite or other bitu- 
minous substance, whicli, wdien there is no traffic over it, 
makes a good covering material. A roof surface coycred with 
this material requires an inclination of about 1 in 40 ; no rolls 
or drips are needed. 

Latticed Trusses. — A type of truss much used for temporary 
structures, the roofs of which are covered with boards and 
loofing felt, is a latticed or bowstring truss shown in elevation 
in Fig. 478. 

Tt is built up of small scantling, and has a rise in the centre 
of about one-eighth the span. Tt is applicable to roofs of any 



Fiu. 47S,— Elevation of part of a Ijatticvd or Bow-etring Truss. 


span, the size of the timbers naturally increasing with the 
width of the span. The tie-beam is composed of two thicknesses, 
between which the braces or lattices arc fixed. The trusses are 
from six to ten feet apart. Tlie puilins, wliich are much 
lighter than the ordinary roof purlins, are about two feet apart, 
and rest on the top of tlie curved ribs ; they are directly sup- 
ported by the upper ends of the braces. 

The covering boards are laid either at right angles to or 
diagonally with the purlins, and, as the roof is curved, they 
require bending when being placed in position. 

This tyjie of truss is also often used when the roof covering is 
of corrugated iron. 

It iff necessary, in tlie construction of a number of similar 
latticed trusses, that the outline Iks set out on the floor, and 
each truss put fi^ether accoi'diug to the same outline. The 
joints, which are too simple to need desci*iption, are secured 
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\>y being well nailed together in the suuiller ti’uasoB ; in larger 
ti*uasee, bolts may in addition be used. 

Mansard Truss. — Fig. 479 shows the elevation of what is 
called a enrb or Mansard roof t^ss. Tliis truss is used with 



Fui^79. 


— Elovatioii of A HaiiiMird Ti'Ush. 


advantage when it is desired to have an additional attic or an 
tipper room in a building without the expense of carrying up 
the walls to accommodate the ordinary type of truss. A 
suitable method for determining the outlines of tho truss is 

shown in Fig. 480. Tlie 
® ^3 semicircle is divided 

into five equal parts. 
Tho points 1 and 4, and 
the centre of the arc 
2 — 3, give tho angular 
points of the outline of 
tho truss. Many modi- 
fications of this sliape 
are adopted to suit the 
size of the room required, the roof-covering used, etc. 

Oothic Roof Trusses. — In public buildings of importance, 
auch as churches, schools, assembly rooms, etc., it is very usual 
to bave a roof of high pitch, and to make a s^jecial feature of 
its construction and decoration. When the pitch is steeper 
. than forty-five degrees (45'’) the style tends towaids the Go^ie 



Fig. 480. 
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> style of architecture, 'with its pointed arches and windows, and 
its distinctive mouldings. Trusses suppoiting roofs of this 
description are styled Gothic roof trusses. Tlie membews of 
such trusses are subjected to more stress than are those of 
Hatter roofs, as they present larger surfaces to be afFected by 
high winds. ^ 



All roof trusses are stronger when pipovided with a tie-beam 
or tie-rod at the eaves level. As a general I'ule, however, such 
cross ties are absent in (jothic roof trusses, and the roof 
.timbers are consequently of large section. Tlie general style is 
on the lines of the collar-beam truss, the angular parts (spandrel) 
under the collar being filled in with curved ribs. To throw the 
weight as low ali' possible on the wall, these curved ribs often 
terminate at from three to six feet below the eaves level. 
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The wallfl carrying Gothic roof trusses are generally strength- 
ened hy buttresses placed opposite the position occupied by the 
trusses. 

Fig. 481 shows an elevation of% little more than one half of a 
rjfithic roof truss with the main dimensions indicated. Tlie 
curved ribs may be cut out of one thickness, with spliced 



joints as shown in Fig. 481 ; or they may be built up of two or 
three thicknesses, with overlapping joints, and nailed, screwed, 
or pegged together. The joints are secured with iron straps 
or bolts, or with bolts passed through them as shown. 

Magnifik^nt examples of Gothic roof trusses are to be found 
in many of the cathedrals of the country, as well as in other 
important buildings, and the student of carpentry would do 
well to examine some of these in detail. 
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Hammer Beam Tnusee. — Whea a Gothic roof truss has, at 
the eaves level, a sliort horizontal member to support the 
curved nl^s above it, this member is called a hammer beam» 
and the truss is known as a hammer beam truss. Fig. 482 
shows in elevation a hammer beam truss, and Figs. 483 and 
484 are line diagrams of other types of a similar truws. It will 
be noticed that judicious use is made of bolts to .support the 
outer ends of the hammer beams. 

The hammer beam truss, in its many and varied forms, lends 
itself to elaborate decoration and ornamentation. The triangu- 
lar spaces are often filled with Gothic tracery, while the ends of 
the hammer beams are riclily carved, often with allegoritval 
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figures. This is sonietiines done to such an extent that the 
main timbei's of the roof are scarcely discernible. 

Such roofs, being subject to coiisklci-ablc wind stress, are 
often braced from trus.s to truss in the plane of the roof. An 
altc^rnative plan is to insert straight or curved braces from, the 
purlins to the trusses, as shown on the right hand side of 
Fig. 481. 

Pyramid or Turret Hoofs. — ^Tbese vary much in size ; ^hey 
may have a triangular, square, polygonal, or circular base, and 
may be straight or curved in section ; they may be large enough 
to require supporting by heavy framed and braced trusses, 
which form the main structure ; or the framing together may 
be a very small matter. The guiding principles of roof and 
truss construction generally .apply, and their detailed con- 
sideration is only, necessary because they present good examples 
of the application of practical geometry to roof construction. 
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Applied G^metry in Boof Conetruetion.— Tlie determina- 
tion of the lengths and end-bevels of i*oof timbers affords good 
examples of the application of ;geometry to the carpentry of 
roof construction. The difficultms vrhicli may occur in such 
work will be obvious from an examination of Fig. 485, which 
illustrates a liip{)ed roof. 

A hip is tlie ridge formed when a roof, instead of ending at a 
gable as at A (Fig. 414), is returned round the end of a build- 
ing as at Z?. It may also be defined as the ridge formed wlien 
two sloping roof surfaces meet in a line inclined to the hoii- 
zontal. A valley is the line in which two sloping roof surfaces 
meet to form an internal angle. 

It is clear that the lengths and end-bevels of the various 
timbers will depend upon : 

(1) the inclination of the roof surfaces ; 

(:>) the angles at which the dilfeient walls of the huildiug 
meet each other. 

In order to obtain these l(?iigtbs and bevels on scale draw- 
ings, it is necessary to apply the principles of projection 
explained in Chap. III. In the following examples, the lengths 
of members are m moat cases measured along the centre 
lines. In all cases, the wddest siii'factjs of the miuiiber are 
refen'ed to as its Mos, while the surfaces at right angles to the 
sides ai*e called 

Lengths and Bevels of Common Rafters. — A vertical cross section 
through a roof with the walls and ridge-piece in position show's 
at a glance the lengths and end-bevels of the common rafters. 
Ill each of the Figs. 485 to 487, A indicates the bevel, — /'.r. the 
angle of the side-cut — at the upper end, and B the bevel at the 
low'er end, of each common mfter. It will be seen that these 
two angles together are always equal to a right angle, the 
edge of the common rafter being the hypotenuse of a right- 
angled triangle. If the lower ends of the common rafters 
overliang the wall, then that end-bevel w'ill be the same as 
at A, to enable the fascia board or gutter to be fixed against it. 
The edge-cut at both ends of the common rafters is “square,*^ 
i,e, at light angles to the length. 

It is plain that with ridged roofs all the common rafters will 
have the same length and end-bevels only when the side walls 
are of equal height and parallel, and the lidge is central in 
position. Ill all other cases, the length and end-bevels of the 
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AB. Longtb and Bovols of Coininon llaftor. 

MN. Lougtb of Ilii* Kaftcr. 

Cl Bc®o 1 for side cut at upper end of Hip Rafter. 

D. for side cut at lower cud of Hip lUftor. ■ 

E. Bevol for baokinjy of uiipor edge of Hip Raftor. 
MH. Longtti of Jack Itaftcra. 


<q iA tW» illiwtration correeponde to C In Figs. 486 and 487.) 
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Fio. 480. — Boof BcyoIs. 



Pia. 487.— Roof BotoIs. 


AB. Length and Bovele of Coiniuou Raftere, 

MN. liougth uf Hip Rafter. 

C. Bevol for side cut at upper end of Hip or 
Vallov Rafter. 

Ok Bovul for side cut at lower end of Hip or 
Vtdley Rafter. 


rafters wUl vary ; they 
may easily be deter- 
mined by drawing a 
cross-section through 
the roof. 

The Lengths and 
Bevels of Hip and 
y^Uey Rafters. — To 

; obtain these, it is 
first necessary to 
draw the plan of the 
building, with the 
main roof timbers in 
position. If the in- 
clinations of both 
sides, and of the end 
of the foof ai'e the 
same, and if the end 
wall is at right angles 
to the side walls, 
then the plans of the 
hip rafters bisect the 
right angles, and the 
two hip rafters are of 
the same length, as 
shown in the upper 
part of the plan of 
Fig. 485. On the 
other hand, if the 
end-slope of the roof 
differs from the side- 
sIojMJs, the plan of the 
hip rafter does not 
bisect the angle. 
Again, if the end is 
not at right angles to 
the side walls, then 
one of the hip rafters 
is longer than the 
other, as shown in 
Fig. 486. 
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In obtaining the lengths of the hip rafters it is always best 
to work from the centre lines of the upper edges of the hip 
rafters and ridge piece. The length of the hip rafter is obtained 
by considering its plan as the base of a right-angled triangle, 



Mutliods uC Supporting lower cud of ilip Uafter. 

the hypotenuse of which is the true length, while the altitude is 
the height of the ridge above the wall level. In Figs. 485 to 
487 MN IS in each case tlie length of the hip or valley lufter. 

The lower end of a hip rafter rests upon the wall, in the 
angle. It may Se supported further by an angle tie (Fig. 488), 
or be provided with an angle tie and dragon piece, placed across 
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the corner ae shown in Fig. 489. The upper end generally abuts 
against the ridge, and is supported either by a division wall or 

by a roof truss. 
The angles of the 
side cuts (l)evels 
for the ends of 
the hip rafter) 
— neglecting the 
special abutment 
required when a 
dragon piece is 
used (Fig. 489)— 
are togetlier equal 
to a right angle. 
This is shown in 
Figs. 485, 486, 4 87, 
and ^94, where 
the bevel at the 
ui)per end is in 
each case lettered 
C* and the bevel 
at the lower end 
J). 

Figs. 490 and 491 
show how to ob- 
tain the edge-cut 
at the upper end 
of the hip rafter. 
The lafter may fit 
against the side 
of the ridge (Fig. 
490), or the ridge 
may be cut to 
form a seating on 
which the hip 
rafters are mitred 
to fit each other 
(Fig. 491). In 
either case the problem resolves itself into finding the true 
shape of a right-angled triangle, the plane of which is inclined, 

in Tiff. 485.) 



Metliods uf obtAininfr B«vo1h of upT)er ends of Uip Rafters 
almtlliitf against Riago Piece. 
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the iiidination depending upon that of the hip rafter. If 
hip lafter were honzonUl— which is never tlie case — the pkn 
of the vertical plane of intersection between it and the ridge 
would give the edge-cut. If 
the hip rafter is nearly 
vertical, tlien the same plan 
represents the plan of a 
triangle having the line ah 
horizontal and the point € 
much higher, as shown in 
Fig. 490. This true shape, 
which gives the angle for 
the edge-cut, is found by 
revolving the triangle until 
it is horizontal, the angle at 
C being tlie one required. 

In Fig. 491, the hip raftei’s 
meet together upon the end 
of the ridge. The figure cut 
off above the horizoiital line 
is in this example a four- 
sided one, and the same 
method of determining its 
true shape, and therefore the 
bevels to which the end must 
be cut, is adopted. 

The lengths and bevels of 
valley rafters are obtained 
in the same manner as with 
hip rafters, the only differ- 
ence being that there is no 
angle tie or dragon piece 
needed at the lower end. 

It is often necessary to cut pio. 492 .- Method of obUlnins Bevels 
the upper edge of the hip 
rafter so that, from its centre 

line, it is in the planes of the roof surfaces. This is technically 
termed backing” the hip mfter. In Fig. 485, E shows in 
each case the l)#yel8 required in backing the hip rafter. To 
obtain these, draw any line ah at right angles to the plan of 
the hip rafter ; where this line cuts the centre line of the hip as 
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at Of draw a line oc' perpendicular to the elevation of the hip 
rafter. With o as centre and radius cut off on the centre 
line of the hip rafter a length oO‘,eqiial to the altitude o(f ; join 

aC and hC. The 
angle aCb is the in- 
clination of the roof 
surfaces to each other, 
and therefore of the 
“ backed ” up^)er sui*- 
faces of the rafter. 

Bevels of Purlins 
against Hip Rafters. — 
The lengtlis of pur- 
lins — which are 
al in 08 1 a1 ways hori - 
/.ontal — can be found 
from the plan, while 
the bevels to which 
the ends require cut- 
ting to fit against 
hip rafters arc shown 
in plan when the 
purlins are fixed on 
edge — tliat is, with 
the side of the purlin 
vertical. With pur- 
lins in this position 
the side-cut is 
Fio. 40S.— Sliciwiiiflr Developed Roof Surface and ” 

Hovels of Jock Rafters, «ri j 

A.B. IjOngth and Revels of Comuion Rafter. ” edge IS 

A. Bevel fi)r side cut at upper end of Jack parallel to the slope 

B. Revel for side cut at lower eud of Jack of the C(Jinnion rafter, 

F. Revel for edge cut at upper end of Jack end -bevels pre- 

Kafu-r. sent more difficulty. 

Q. Bevel fi>r side cut at ends of Roof Boarding 

mitred on Hip Rafter. Fig. 492 shows how 

these bevels are 

obtained, A plan gives the true length of eacli edge of the 
purlin, and diows how much shorter jcjc is than yy, and how 
much longer zz is than yy (Vig. 485) ; but the plan does not show 
the exact width of either the side xx yy, or the edge zz yy. It is 
in the section that the true width of these surfaces is seen, the 
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width of the plan depending upon the inclination of the roof. 
By ^‘developing’’ or turning the widths as seen in section 
until they aie horizontal, then projecting them to the plan, 
and carrying the points x and z to the projected lines, the 
bevels are obtained. An enlarged section of a purlin, with 
the plan showing the angle at which the end of ;the pui‘lin 
meets the hip rafter, is shown in Fig. 492. By following this 
method it is possible to obtain the end-bevels of purlins without 
confusion, even with a roof having many differently inclined 
surfaces. In all cases, it is best to draw out to a large scale a 
cross-section of the common rafter and purlin in position ; to 
project from these the plan of the purlin meeting the hip 
rafter — which may be showm by a single line— at the angle 
indicated in the “ roof plan ” ; and to draw the developed 
surfaces as in Fig. 402. 

Lengths and Bevels of Jack Rafters. — Tlio side-cuts of jack 
rafters have the same bevels as those of the common rafters. If 
the hip rafter against which they abut bisects the angle, then 
the jack rafters on each side of this liip rafter are similar. The 
lengtlis are determined by projecting the plan of each to the 
section, as shown in Fig. 485 at MIL The edge-cut is found by 
developing the roof surfaces as shown in Fig. 493. In this figure 
each surface is turned about the ridge, and the angles marked 
F give the bevels for the edgo-cut in each case. 

It will also be seen that as these developed surfaces are the 
actual roof surfaces turned horizontally, the area of the surface 
of the roof will be obtained by measuring them. The end-bevels 
for the roof boarding are also shown at G, 

Turret Roofs. — Fig. 494 shows the plan and sectional elevation 
of a small turret roof, the plan of which is a regular hexagon. 
On it are shown the lengths and bevels of the hip and jack 
laftera, the backing of the hip rafter, and the development of 
one triangular face. The same index letters are used as in the 
previous examples ; the bevels will therefore be understood 
readily. Roofs of this description are used generally for orna- 
menting the corners of a building, or as roofs for ventilators. 
The exposed positions in which they are placed i*cnder it 
necessary that they should be well biuced and anchored to the 
building. This latt(‘r necessity is provided for by passing long 
bolts through adfele-ties at each corner to holdfasts driven into 
the wall several feet below the eaves level. 
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A turret roof Laving a curved roof surface is shown in plan 
and sectional elevation in Fi)^. 495. Tlie outline of the jack 
rafters is shown in the sectional elevation. Tlie shape of the 
hip rafter, which is also shown the drawing, is obtained by 
taking a number of points 1' to 7' in the sectional elevation, 
projecting from those points to the plan, and from the plan of 



Flo. 494. — rian and Section of a Pyramid Hoof. (Uoforonce letters as 
in Fig. 485.) 


one of the hip rafters cut by projectors fiom these points, 
erecting perpendicular lines on which corresponding heights V 
to 7' are taken. A freehand curve drawn through the points 
thus obtained gives the outline of the hip rafter. 

The developed roof surface is obtained by taking the same 
points 1' to T — measured along the curved line in elevation — 
and drawing a ‘‘stretch-out*’ so that projectors from the same 
, points in plan will give the width at the respective heights 


WOODEN EOOPS. 


255 


By draiiring freehand curves through these points^ the 
developed roof surface is obtained. 



Fin. 4‘.W —Plan and Soctlon of a Turret. Roof of Curved Outline, 
with tiie iiielliod of obULiiing tlio liip Ilaftcr, and tlic dcvelopineut 
of one Bide. 


Summary. 

Wooden roofs may be; Imn-to or ridged roefe. 

The slates or tiles of a sloping roof arc carried by common rc^en 
'which rest on jmrlim. In dwclling-hoiisoa the inner walls are 
generally siiffieiontly near tvioh other to supiKirt tho purlins. In 
larger Imildings the purlins are carried by irtmeo placed from 8 to 
10 feet u|>art. }*u|;hn8 should not l)o more than 8 f<set apart, and 
when trusses are used they should l>e so designed os directly to 
support each purlin. The shajiO of the trusses varies aooordiug to 
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the width between the walls and the outlino of the roof. The 
principal types of trusses arc named ccUao'-heam, King-post, Qwen- 
post, conifnnation (wood and iron^ latticed, Mansard, and Gothic. 

All the Joints in roof trusses sh^ld bo so made as to bo unaffected 
by shrinkage of tho timber. 

The eaves of the roof may overhang, or gutters of cast iron or load 
may be formed behind parapet walls. 

The leng^tbs and bevelB of tho oblique cuts in hippc*.d roofs may bc^^ 
obtained by applied practical geometry. 

Flat roofs may be oov€‘red with lead, zinc, or some bituminous 
substance. Their construction is similar to that of a floor, w'ith tho 
exception of the slight “ fall ” required. 


Questions on Chapter IX. 

1. Make a line diagram and write the names of tho parts of .i> 
collar-beam roof of 16 ft. span, and show by line diagrams tho form 
of principal (trusf^' you would use for a ^ ft., 35 ft., and a 50 ft. 
span nxif. Show the parts in compression by single lines, and 
those in tension by double lines. 

2. Make a drawing of ratlier more than half of a simph^ King- 
post truss for a roof, tho spiTi of which is 25 ft. Scale .J in. to 1 ft. 

3. Make a drawing of rather more than one-half elevation of 
a roof truss of 30 ft. span ; scale J in. to 1 ft. DimeiKsion and name 
tho parts, and make fniehand sketches of the joints used. 

4. Draw to a scale of one and a half inches to a ffK)t, three 
methods of forming tho joint between a principal raftt'r and a tie- 
beam. 

5. Draw to a scale of one and a half inches to a foot, three 
methods of securing with iron the foot of a principal rafter to a tie- 
beam. 

6. It is required to cover a building 28 ft. by 42 ft. with a tilled 
roof. Show by plan, to scale J inch to a foot, where you would 
place the roof trusses ; and give to a scale of J inch to a foot the 
elevation of half of one truss. 

7. It is required to cover a building 40 ft. wide with r«)of in one 
span and i pitch. Give elevation of the tniss you would use to 
scale 4 ft. to an inch. 

S. Give enlarged details of joints to the foregoing roof (Q. 7) 
In isometrical projection, showing the ironwork you would use. 
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9. Draw, to a scale of g iti. to otic foot, the elevaticm of about 
onc-luilf of a roof truss for a building 30 ft, wide (inside measure- 
ment). The principal rafters and the collar beam are to be of 
wood, and the tie- and King-rods to be of iron. Give, to a scale of 
1 Jr in. to one foot, the details of the joints. 

10. Draw, to a scale of in. to one foot, altem£^tive vortical 
cross sections through the caves r)f a roof showing : 

{a) the eaves overhanging 18 in., and hnished with fascia boarrl, 
cast-iron gutter, and soffit Ixmrding ; 

(h) a parallel gutter behind a stone cornice and blocking course ; 
(c) a tapering lead gutter behind a brick parapet wall ; 

{d) a cast-iron gutter behind a brick i)arapet wall. 

11. An open void in a roof is 7 ft. by 4 ft. Show how you would 
“ trim ” round it. 

12. Draw to a scale of J inch to a foot, a roof truss to a span of 
20 ft. so as to form as large a room as possible in the roof. 

13. Make a lialf elevation of a Mansard roof truss of 38 ft. span ; 
scale J in. to the foot. Mark on the dimensions of the several 
parts, and make freehand sketches of the joints used in con- 
struction. 

14. Diuw the elevation of a light roof- truss for a temporary 
building, the widtli to be 30 ft. in the clear, and the trusses to 
occur every 8 ft. to have a semi-circular built up rib, the springing 
iKiing 7 ft. 6 in. alxjvc the lloor. The roof may be covered with 
light boarding and corrugatea iron. 

1.5. A public hall, 50 ft. wide, is to be roofed in one span bj' 
either a hammer-beam roof or a collar-beam roof. The whole rcKjf 
is to bo seen as part of the interior, and the ribs to be moulded, 
spandrels ornamented, etc, DraM' to a scale of 4 ft. to 1 in. rather 
more than half the elevation <}f a suitable timber truss, and furnisli 
sketches to a larger scale, or in perspective, of the joints, ironwork, 
and other details. The material to be pitch pine. 

16. Draw to scale of 1 in. to a foot the foot of a hammer-benni 
truas, 40 ft. span and ^ i>itc)i ; dcit outline of tenons and show the 
bolts and straps. The liamnjer-beain, with all work below it, .and 
the ends of tinilwrs framed abovt% to lie s^iiown. 

17. Draw rather more than half elevation of a hammer-beam roof 
of 35 ft. span. 

18. Draw to a scale of 1 in. to a foot, half (at least) of the 
elcvatirm of a hammer-beam truss for the roof of a small church, to 
bo executed in oak. Show the joints and any ironwork introduced, 
by sketches, to a%rger scale, or in perspective. 

M.C.J. 1 
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19. Make drawings of a dragon tie. Show how you would 
determine the length of a hip rafter^ the angle at the back of the 
hip rafter, and the bevels for purlins and jack rafters. 

20. Draw to a scale of in. to k foot plan and elevation of an 
angle tie and dragon piece, and show how you would obtain the 
bevels of hip rafter. 

21. A hipped roof is inclined at the angle of 30°. Find the 
angles necessary for cutting the hip rafters, purlins, and jack 
rafters. 

22. Make a drawing showing how you would find the different 
bevels for a valley rafter. 

23. Explain witli sketches how you would construct the angle of 
a hipped mansard roof, and give the bevels for the various cuts. 

24. Make a drawing of sufficient of the plan and elevation of an 
octagonal dome 8 ft. in diameter boarded internally. All the 
applied geometry should be clearly shown in the drawings. 

25. Make the drawings of an octagonal pyramidal turret-shaped 
roof ; span 45 ft., height 46 ft. All timbers to be^shown and 
dimensioned, and the geometrical method of obtaining the angles of 
the backs of rafters, purlins, etc., should be shown. Part only of 
the plan, elevation and section should he drawn. 



CUAPTER X. 

PARTITIONS AND WOODEN FRAMED BUILDINOS. 

Partitions. — It is often inconvenient to have the upper rooms 
of a building of the same size and shape as the lower rooms, 
in such cases the walls which divide the lower rooms from each 
f)thor winnot be carried upwards to form the divisions of the 
higher rooms. For various other reasons it may be undesii’able 
to continue brick division -walls to the upper stoi’eys. The 
ro(uus of the upper storeys may, however, bo separated by 
partitions of wood and plastei*. 

A frequently adopted means of forming such partitions is 
to fix upright pieces of wood named studs in the same vertical 
plane at distances of from twelve to fifteen inches apart. 
Wooden laths, which carry the i>lastt^* are nailed to both sides 
<»f these studs. As a further mean.s of stiflening them, short 
hoiizoiital pieces of wt>od, 3' by 1 J", called noggingr pieces, are 
fitted and nailed between the studs, in rows, at distances of 
about four feet in height. This method of arranging studs has, 
however, the disadvantage of throwing the whole of the weight 
of the partition on the floor on which it rests ; and any settle- 
ment or “sagging” of the floor naturally strains the partition, 
and tends to crack the plaster. 

As the studs and other pieces of timber used in framing are 
of section known as quartering, such partitions are known 
as quartered partitionB. Tliese partitions are usually from 
3" to 4Y thick, and the studs used are generally 2" wide. It 
is necessary have all the members of the same partition 
of the same thickness to enable both sides to be plastered 
evenly. 
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Framed and Fnused Partitions.— A better method than 



Pia. 496. — Lino Diagmm of a Framed Partition. 


the above is to con- 
struct the pai'tition 
as a framewoi'k, or 
truBS, so arranged 
that the whole 
W(,‘ight of the par- 
tition is directly 
transmitted to the 
walls. Fig. 40G is 
a line diagmm of 
a framed partition 
without any door- 
way. Each mem- 
ber is shown by a 


single line. Fig. 497 shows the elevation of a fram^l partition 
with a central doorway, seven feet high and three feet wide, and 



Elevation ofFHAMso Partwon. 


Pig. 497. 


has the names of the various parts indicated. In this case the 
partition runs in the direction of the floor joists of the lower 
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floor, and the sill, ^hich is in one length, is arranged 
between two joists. The upper floor joists are at right 
angles to the partition, and are supported by it. 

The stronger members of these partitions — that 
is, the head, sill, door-posts, and braces—are first 
framed together, the joints being secured with, 
iron bolts or stmps ; the intermediate spaces are 
then filled with studs placed from twelve to fifteen 
inches apart. Each brace should always be in one length, with 
the studs cut to fit on it. All the joints should be ariaiiged so 
that they are as little as possible affected by shrinkage, and all 



Fia. 498. 



the thicker members of the partition, such as door-posts, braces, 
etc., should have the corners taken off (Fig. 498). Seasoned 
timber should always be used in the construction of partitions, 
either red deaPor white deal generally being used. 

Joint at Foot of Brace. — ^Fig. 500 shows in elevation the joint at 
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the foot of the bi'ace. The joint may he bridled, as in Fig. 501, 
or may be halved on (Fig. 602). In either case a bolt is neces- 
sary to secure the connection. 




Joint between Stud and Brace. — ^This joint may be^siinply cut 
to vhe required bevel anil nailed (Fig. 503), or it may be cut as 
.shown in Fig. 500. 

Joint between Stud and Sill. — Tin’s 
joint is made • by a short tenon 
(named a stump tenon) im the stud 
fitting into a corresponding mortise 
ill the sill (Figs. 490 and 500). The 
ends of the door-posts, as well as the 
upper ends of the studs, are also 
stump- tenoned into the head or sill as 
the case may be. 

Joint at Head of Brace.— In Fig. 505 
the door-post is wider above the door- 
head to allow for the abutment of the 
brace. Tliis arrangement noce8sitatc.s 
increased labour as well as a waste 
of material. An alternative method 
is to let in a cleat and nail it to the door-post. The upixjr 
end of the brace abuts against this cleat (Figs. 407 and 504). 
The door-head is .stump- tenoned into the door-post as shown 
in Figs. 504 and 505. 

Joint at Head and Foot of Door-post. — When the sill runs 
“straight through” as in Figs. 497 and 510, the lower end of 
the door-post is stump-teiioned into it, and may be secured with 



Pio. .503. — iToint. lictwucn Stud 
and Draco. 
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a joint bolt, as shown in elevation and section in Figs. 506 
and 507. Or, it may have a wrought-iron strap to dip the 



Fio. 504. 

Alternative Joints 



Pick 605. 

nt Hoad of Brace. 


sill and d(>or-])o«ta, with bolts pissing through to fasten the 
joint Tlie objection to this latter method is that the bolts are 



sttuL 
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liable to be in the way of the laths and plaster. The stump- 
tenon and joint bolt are also used to secure the upper end of 
the door-post to the head (Fig. 497). When, as frequently 
liappens, the partition runs acros^.the joists of the lower floor, 
tlie sill cannot be continuous on account of the doorways 
(Figs* 509 and 512). In such circumstances the sill is sunk or 
housed into the door-posts, these latter going between the joists, 
as shown in Fig. 508. 

Partition with Two Side Doorways.— Fig. 509 is th^i eleva- 
tion of a partition with two side doorways. The Ijorizontal 



Fio. 509.— Partition witli Two Side Doorways. 


member, which is continuous and forms the door-head, is named 
an lutertie, and acts in this example as the main support of the 
partition. A long wrought-iron bolt, one inch in diameter, and 
having a nut at each end for tightening up, passes through the 
centre of the partition, as shown in the illustration. A strong 
wooden member iiiigbt be substituted for the bolt, with the ends 
stump- tenoned into the head and sill, and the joints secured 
with joint l>olts iji a manner similar to the joints shown at the 
head of the door-]x>sts (Fig, 497). 

Figs. 510 and 511 are diagrams of other framed and braced 
partitions. In these, the stronger framing is shown by 
double lines, while the studs and horizontal nogging pieces are 
indicated by single lines. These diagrams I’epresent typical 
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examples of the manner in which partitions are framed. The 
size and arrangement of the framing are, of course, dependent 
upon the width of span between the w'alls, on the number, size, 



Fia 510. 9 ll Pio. 611. 

Lino Tliagrania of Framed t id Truaaod Partitiuiis. 


and position of doorwa)^s, and on the number, if any, of floors 
to be supported by the partition. Fig. 612 shows a partition 
extending through two storeys in lieiglit, with a wide central 
doorway in the upper 


part, and two smaller side 
doorways in the lower 
part. Tlic joints of these 
partitions are arranged 
on the principles given 
in detail above, and 
therefore do not need 
further explanation. 

Brick-nogging.— The 
timber partition, instead 
of having the studs 
placed to carry laths 
and plaster, ma-y be fixed 
at intervals of from two 
feet three inches to three 



feet, and the intervening 

space filled with brickwork. Horizontal nogging pieces of 
wood, one inch thick, should be inserted at every third or 
fourth course. Tlie usual thickness for brick-nogged partitions 
is four and a half inches, though often for the sake of economy, 
or to gain roolia, they aie made three inches thick, iu which 
ease the biicks are laid on edge between the studs. 




x2 
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WOODEN FRAMED BUILDINaS. 

Wooden framed structures of t^ kind just described are also 
much used instead of bricks or stone, to form the outside walls 
of buildings of a temporary cliaracter. The framework may be 
covered with either boards or corrugated iron. In various 
parts of the world, dwelling houses are constructed in this 
manner, but in this country wooden framed buildings are 



confined to such structures as small I'ailway stations, exhibition 
buildings, portable workshops and sheds, temporary warehouses, 
cricket and football pavilions, etc. 

General Principles of Construction.— The general arrange- 
ment, of course, depends upon special circumstances, while the 
dimensions of the framing and the methods of bracing it 
together are influenced by the size of the building, and the uses 
to which it is to be put. The usual arrangement of such timber 
structures is to have heavy sQ^uare angle posts, with intsnnedisij 
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posts if necessary, and between these to insert oross rails and 
diafiTonal tnracea. The main braces should by preference l)e 
continuous, in order to brace the structure rigidly, any abutting 
cross-rails being cut to fit them. The joints used are similar 
to those already described, and include tlie mortise and tenon, 
the bridle, and halved joints, care being taken to arrange them 
so that they are least affected by shrinkage. Bolts, joint bolts, 
coach screws, iron stivaps, and wooden pins, are used as fastenings 
according to requirements. If the building is more than one 
storey high, it is necessary to make provision in the framing 
for supporting the upper floor. When window or door openings 
occur in such a building, it is advisable to have them directly 
ov<ir each other whunever possible. 

Wooden structuj-os of tliis description should always rest 
upon a foundation of brick <»r stone-work or (joncrete, so that 



Fio. 614.— Toiu/\icd, Grooved and Beaded Battunn. 

all timber is at least 12 inches from the ground. A layer of 
some bituminous substance, Avhich servtjs as a daTnp-pr*»of course, 
will, when laid upon the loundation prevent the wood from 
absorbing moisture out of tlie earth. When a woodtui ground- 
floor is used — as is often tlie case— eve^y care should be taken to 
liave a free circulation of air under the floor to prevent dry rot. 
When this class of building is to be of a jiortable nature, it may 
be built in sections, with the various parts fastened together 
with bolts, joint bolts, or screws. Temporary buildings are 
most economically constructed out of markeUMe sections of 
deals and battens. Heavy supporting posts may be formed by 
bolting two or three deals together. 

Covering Materials. — As previously stattjd, the covering of 
the framework may be either wood or cormg^ated galvanized iron. 
When the framing is covered with wood, the covering boards 
may be fixed vertically with match-boarding joints, that is, 
either tongued,^^ grooved and beaded (Fig. 514), or rebated 
(Fig. 515), or with square-edged joints covered by narrow 
laths or fillets of wood as shown in Fig. 516. Or, the boards 
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xaay be placed liorizontally with joints as shown, in Figs. 519 
and 520; this class of boarding is known as weather hoarding* 
Corrugated galvanized iron sheets are used as a more pcinia- 
nent covering than wood ; the sh^ts are secured to the fiaming 
with screws and washers. 

In the inside of the building, the finming is either left 
exposed without covering, is boarded with match boarding, or 



Fia. 61 fi. — Ilcbatcd and Y- jointed Battens. 


is plastered, according to tho finish required. Some such 
buildings, in addition to being lined inside with boards, have a 
layer of felt or “ Willesden paper ” behind the boarding as a 
means of warmth. The roofs of such buildings may be covered 
with boards, boards overlaid with felt, corrugated Iron, slates, 
or tUes, and the instruction follows tho principles already 
explained in Chap.^ IX. 

It is obvious that in sticli wooden buildings there i.s consider- 
able scope for ornamental treatment in cases where an attractive 
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Fio. 61 G. — Squaro'edged Battens 'with Fillets over Joints. 


c'lppearanco is of importance, as for example, in exhibition 
buildings, cricket pavilions (Fig. 513), etc. On tho other hand, 
in warehouses (Fig. 517), workshops, and the like, decorative 
treatment is of small consequence, and strength and rigidity 
are the main considerations. 

Half Timber Work. — A style of architecture which presents 
a picturesque appearance, and is frequently adopted in villas 
and country residences, is known as half timber work. Some of 
the older examples of this woi'k show the walls of the building 
constructed entirely with wooden framing, the spaces between 
which are filled in wdth brickwork, to foi'm slightly recessed 
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Plan . 

Fxa. 517. — Woodoii Framed BiiiJding. 
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Fia. 

JExaniplea of Half Xt«aboi* BfiUdlnj^a. 
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panels, the surface of the brickwork generally being plastered. 
More modern examples have the lower storey built of stone or 
brick, with only the upper walls — or in some cases only the 
gables—of half timber work (Figs. 524 and 523). 

In the best examples of half timber work it is usual to have 
stout corner posts of quartering, into which are framed the 
necessaiy head, sill, and cross-rails, with intermediate framing 
of the required design. The joints are chiefly mortise and 




Examples of Half Tim>?er liuildings. 

tenon, held together with hard-wood pins {trcnatls). The spaces 
between tho framing are fdled in with brickwork, which is set 
back for about 1^" from the face of the framing so that when the 
surface of the brickwork is plastered n forms recessed panels 
about three-quarters of an inch deep. The tiiiished surface of 
the plaster may be eitlier smooth or rough cast. To obtain a 
sufficient thickness of wall, additional brickw’ork — bonded with 
the reat*-is built behind the wooden framing. 

Tlie best timber for this work is oak, although pitch pine and 
red deal are ali!k> used. Red deal is better than jutch pine as it 
is not so liable to crack (»n exposui-c to the weather. 
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For tbe sake of economy, modifications of half timber -virork 
are often used \vhicli, although preserving the same outward 
appearance, have nothing to commend them but cheapness. 
One of these consists of using fraii|img as described above and 
filling in the spaces with vertical studs and lath and plaster. 
Another method is to fix thin frames of timber, not more than 
1 y thick, against the face of the brick wall, and to plaster the 
recessed panels as described above. 


Summary. 

Partitions of wood covered with laths and plaster oftoTi take the 
place of hriek walls between upper-storey rof)nis. Sueh partitions 
are best franusd into trusses directly transferring the weight to tlie 
walls. 

The framework consists of horizontal members (head, sUl, and 
intertie), vertical meml>ers {door-ponta and atwh), and^of inclined 
hrareii. All the members of the same truss should he of the same 
thicknesA to enable lK)th sides to be plastered evenly. 

Horizontal nagging pieces are fixed at intervals to stitFen the 
studs. The joints n|66tly used for the fnimcM'ork of partitions ai‘u 
the stump tenon and the hridle joints, secured with IkiUs. 

Brlck-nogging consists of filling in the wooden framework with 
bricks. 

Structures such as exhibition buildings, temporary worksliops and 
warehouses, etc., often consist entirely of wooden framing covered 
with boards or corrugated galvanized iron. Such buildings should 
always rest upon a base of brickwork or concrete. 

In balf timber work the spaces between the exposed wooden 
framing are filled with brickwork, the surface of which is covered 
usually with cement plaster. 


Questions on Chapter X. 

1. Draw rather more than half the elevation of a framed and 
trussed partition, 16 ft. 6 in. by 12 ft. 6 in. in size, having a 
oentral door-opening 8 ft 9 in. wide and 7 ft 6 in. high. The 
partition is to be supported at its enda and is to oarry the weight 
of the floor above it 

2. Draw a framed and braoed partition supported only at the ends, 
the head carrying floor joists, to measure 17 ft by 11 ft., with two 
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door openings, each 3 ft. 3 in. by 6 ft. 9 in., and within 2 ft. 6 in. 
of the end of the partition in each case. Figure scantlings. 

3. A framed and braced pjirtiiion, 16 ft. 3 in. by 12 ft., has two 
door-openings, each 7 ft. by 3 ft. 2 in. One is in the centre of the 
partition and one at the end. The partition is 8upport.cd at the ends 
and is to carry floor joists. Make a drawing of this partition an<l 
dimension the scantlings. 

4. Draw the elevation of rather more than half of a framed and 
trussed partition, showing the mcthcxl of construction. Tlio 
partition is 25 ft. by 12 ft., and contains throe doorways, eacli 3 ft, 
by 7 ft. A dcKjrway is to be placed 18 in. from each end, and one 
in tlie centre. Tho partition will bo required to cany its own 
weiglit, together with the weight of the flof»r alK)ve. 

5. Draw out a quarter partition, 15 ft. long, going thnnigh two 
8torcy.s, siii)i)orted only at tho ends of tho lowest sill, and carrying 
two floors. TJie lowcjst stony is 11 ft. 6 in. in the clear, the iqqM'i* 
one 9 ft. in tho clear. There is an ox)eiiing 9 ft. by 9 ft. in tlie 
lower storey, and there are two dwirways, each 3 ft. 3 in, by 7 ft. 
in the upper storey. 

6. Give elevation to scale ^ in. to a fiK>t of a quarter partition 
18 ft. wide and 24 ft. high, running through two storeys and self- 
supporting over the ground floor. On tho first florir is a central 
docjrway 6 ft, 6 in. wide hy 7 ft. 6 in. high ; on the second floor is a 
doorway 3 ft. wide and 6 ft. 6 in. high, 3 ft. 6 in. from one sule- 
wall ; and another 4 ft. wid> and 6 ft. 6 in. high, 2 ft. from tho 
otlior wall. Cjiivo details of join Is, sliow all ironwork and figure 
scantlings. 

7. A ttmiiKuary wooden building for a flower show is to occupy a 
space 40 ft. by 50 ft. It is to ho rtMjfed cheaply in one or two 
spans, chiefly using deals and Imttens, and covering tho roof 
with felt. Draw a emss-soction of tho building, and part of a 
longitudinal one, with details. Scale not less than 4 In. to a foot. 

8. A drill-shed, 40 ft. wide, is to bo (jonstnictcd in an extremely 
exposed situation, entirely of wo(kI, tht*. n)of bfiing slated. Draw 
the elevation of one end, the enjss-seotion and tho elevation of one 
bay, to not less than J in. scale, .showing how you would protect the 
shod from wind ; height to w^all plate, 10 ft. Accompany the 
drawing with a written dc8crij)tiou. 



CHAPTER XL 


MISCELIiANEOUS CARPENTJIY CONSTRUCTIONS. 


SCAFFOLDraG. 


Scaffolds are temporary structures of wf)0(], wliich serve as 
platforms upon which the woi*kiiieii stand during the execution of 


any work which cannot be reached 
from the ground. Scaffolding is 
indispensable not only during 
the actual erection of buildings, 
bridges, etc., and during the 



Fio. — Sctiflfolding Trestle. 



construction of ships, but also for the subsequent work of the 
engineer, painter, et<;. The extent to which scaffolding is 
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required, and the nietliod of ooiistructing it, vary according 
to the use to which it is to be put : that is, whether it is to be 
used for supporting the workman only, or for carrying also 
large quantities of material. 

Trestles. — For scaffolds of small height, wooden trestles of the 
shape shown in Fig. 525 ai*e much used. They vary in height up 
to 10' ; the larger ones are very clumsy, however, and are not in 
general use. Fig. 526 sliows a folding trestle, which is much 
employed by painters. 



by cutting a larch, or spruce-fir, pole down the middle. Tlie 
pole must be free from knots, shakes, and other defects, and 
while being straight, must not be too thick. Its thickness is 
determined by the length of the ladder required. It is possible 
to get a suitable pole from 40' to 50' long, the butt end of which 
is about 5" in diameter, and the top end in diameter. The 
ladder rungs or staves are of hard wood, preferably oak. Tliey 
should be riven (^.c. split), ratber than sawn, to the required size ; 
as sawn rungs are not infrequently cross-grained, and therefore 
untrustworthy. The rungs are placed at 9" distances ; they 
vary in length, being about 16" long at the lower end, and 12" 


standard 
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at the upper end of the ladder ; they are circular in seetton^ 
being thinner at the ends, and the sides of the ladder are bored 
to receive them, the ends of the rungs being secured with 
paint and wedges. 



Flo. 629 .--Sketch of a Bricklayers' Scaffold. 


To Strengthen the ladder still more, small bars of wrought 
iron, placed at intervals of six or eight rungs, are passed from 
side to side just under the rungs, and the ends are riveted over 
iron washers (Fig. 627). For access to high scaffolding, it is 
Btfongly advisable to use short ladders with frequent landings, 
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rather than to employ long ladders, as tlie fatigue of constantly 
carrying up materials is thereby much lessened. In the con- 
struction of large buildings, inclined gangways are often used 
instead of ladders. When such gangways ai’e more than one 
plank in width, the planks composing them are fastened together 
by cross ledges nailed to the under-sides. 

Bricklayers’ Scaffold. — In the erection of buildings the 
builder requires an elevated scaffold directly the work of build- 
ing becomes too high to be reached from the giound. In work 
of small extent, the scairold may simply consist of scaffold 
boards resting either upon trestles, or upon cross-bearers 
(putlogs) wdiich are supported by short uprights 
(standards). 

For larger buildings, scaffold-poles lashed together 
are almost invariably used in the construction of the 
scaffold. A scaffold of this description used for 
bricklayers’ work is from 3' to 4' wide. As illijs- 
ti’ated in Fig. r)29, its main supports are vertical 
standards placed about 8' apart. The low’er ends 
of the standards are either let into the ground for 
a short distance, or they are placed into barrels 
without ends which rest upon large slabs of stone, 
the barrels being filled with earth. In either case the 
earth is well rammed around the lower ends of the 
posts to keep them in position. Across the standards, 
horizontal poles called ledgers are placed at suc- 
cessive heights of about 5' — that is. at the lunght 
of each tier requiring a platform for the execution of the work. 
As scaffolding is of a temporary character, the various members 
are secured together w’ith either liempen or steel cords lashed 
round the joinings. The cords are fuither tightened by the 
insertion of wedges (Fig, 530) between them. Besting with one 
end upon the ledgers, and with the other end upon the wall, are 
putlogs, — short pieces of timber (prefei'ably of hard wood) about 
3" thick, and from 3" to 5" wide. The putlogs are placed about 
4' apart, and carry the scaffold hoards which form the platform. 
It will be seen that the putlogs can only be placed in position ajs 
the work proceeds, whereas the same scaffold-boards are raised 
as required. Hie putlogs of each tier of scaffolding are left in 
position, with ^'scaffold boards here and there, • as an aid in 
stiffening the scaffold and holding it to the wall. The scaffold 



27S A MANUAL OF CARPENTRY AND JOINERY. 


boards are from 1^" to 3'^ thick, and should by preference be all 
the same length, and abut end to end, although they are often 
laid to overlap at the ends. Along the outer edges of the plat- 
form, vertical guard boards t<i32'' deep — should be fixed, to 

prevent any material from falling off the platform. It is a wise 
precaution to fix also a guard rail — especially when a scaffold is 
very high — at a height of about 3' 6" above the platform level. 
To give the necessary rigidity to the scaffold, and prevent any 
rocking or giving way, diagonal braces are lashed to the sbuidards 
and to the ledgers. 

If the height of the building is so great that standards cannot 
be obtained long enough to reach to the top, additional poles 
may be lashed to the upper ends of the lower standards. Tf the 
height of the scaffold is considerable, or if it has to carry heavy 
weights, each staudai*d may consist of two paiallel series of poles 
lashed together with the joints of one se.iies alternating with 
those of the other. Hempen cords are affected by tfie weather, 
and may in time become slack. It is therefore necessary to 
examine the lashings periodically. 

Masons’ Scaffold — In atone buildings, especially those in 
which the walls a/e built of large stones, the scati’old is often 
constructed so that it is entirely separate from the building. 
Tliis necessitates tw'o separate frames of standards and ledgers, 
so that both'ends of tlie i)iitlogs are supported indei>endently of 
the wall. The inner row of standards is fixed a few inches from 
the building line, to enable the stones to be put in position. As 
there is no tre to the wall in this scaffold, it is necessary to 
brace it in the direction of tlie width of the platform. 

With the exception of the differences mentioned above, the 
arrangement is similar to the bricklayers’ scaffold. As the 
building material used by the mason is geneiully hea\ier 
than that used by the bricklayer, however, the scaflbld is 
usually made stronger by placing the standards and the 
putlogs nearer together, and by bracing the structui’e more 
firmly. 

Gantries. — In large towms or in places where there is con- 
siderable street traffic, and a building is ei*ected close to the 
footpath, limits of space I’ender it advisable to ei'ect, over the 
footimth, an elevated platform called a gantry. It consists of 
heavy frameworks of timber arranged in two parallel rows, one 
at the curb of the footpath, and the other near the building ; 
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these caiTy joists which support a sheeting of planks at a height 
of from 9' to 12'. Tlie length of such a gantry depends upon the 
character of the work, as well s^s upon many other conditions. 
In the construction of a gantry^ of this description the main 
timbers are usually of large section, and the joints are made as 
simple as possible. Tlie cleat, iron dog, bolts, and coach screws 
'vai’e the chief means of fastening the timbers together. A heavy 
^oodeii curb is necessaiy at the outer side of the gantry, to 



Pio. 533.— Skotoli of throe T>crrick Towers to carry a Jib Crane. 


protect it from the street traffic. Fig. 531 shows a sketch of 
such a gantry. 

Tlie heavy timber structures which support the travelling 
cranes found in engineering works, in timber and stone yards, 
and wherever heavy weights liave constantly to be carried from 
one place to another, are also named gantries. Fig. 532 sliows 
the general construction of such a gantry with the supporting 
posts fixed in the ground. An alternative arrangement to that 
of fixing the posts into the ground is to have them resting upon 
heavy wooden curbs. The siste of the timbers used depends 
ilpon the span of the traveller^ and upon the weight to be lifted. 
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The main point for consideraiioii is that the joints must have 
good abutments, and be properly braced and stayed in order to 
obtain a rigid structure. 

Derrick Towers. — Yet another typo of scaffold is required 
in the erection of large buildings, namely, that to carry an 
elevated jib crane 


fixed at an altitude 
sufficiently great to 
raise the various build- 
ing materials to their 
respecti ve posi tioris. 
The platform is sup- 
ported by 3 or 4 framed 
timber structures 
braced together in the 
manner shown in Figs. 
533 and 534, and called 
derrick towers. The 
size and material of 
such towers depend on 
the height of tlie plat- 
form and the weights 
to be raised. The 
towers usually vary 
from 3' to 8' squaie. 

In this type of 
scaffold there are 
generally tliree sup- 
porting towers as 
shown in the line-dia- 



gi'ani sketch (Fig. 533). 
Gne of the towers (B) 


Fio. 584. — Detail of lower oritlK of Derriok Towers 
showu 111 Kig. 533. 


is directly beneath the mast or upright of the jib crane ; the 
other two support the ends of the atays of t)ie crane. Hie 


stays are usually anchored by means of chains or wire ropes 
down the middle of the towers, the bases at A being loaded 


with stones, bricks, or other heavy material. I'he tower 


supporting tlie mast of the crane is strengthened by an addi- 
tional central pMt. 



282 A MANUAL OP CARPENTRY AND JOINERY. 


TIMBEEINa FOB EXCAVATIONS. 

When excavating deep trenclif^s in soft ground, or construct- 
ing the puddle trenches for reservoir, it is necessary to 
support (shore) the sides of the ti'enches to prevent them from 
giving way. 

Timber is commonly employed to keep up the sides of the 
earth in excavations, and generally when the ground is such 
that it will not stand without support. Timber is also used 



to ]>rovide a temporary partition and to divert tho water, 
where it is iiecessai-y to alter, repair, or reconstruct tho banks 
of rivers, docks, waterways, etc. 

Timbering or Shoring of Trenches. — The extent to which 
the timbering of trenches is necessary depends upon tho natuio 
of the earth which is being dug into, tho depth to which the 
trench is carried, and tho length of time tho trench is left 
open. 

With ground of a hard nature, and a depth of trench not 
exceeding 5 feet, it is often sufficient to place short \ertieal planks 
T to D'' wide and 2" to 3" thick, called poling boards, at distances 
of from 3 to 6 feet apai*t, with horizontal stmts spanning the 
width of the trench and fixed between them as shown in Fig. 
535. The size of the struts depends upon the width of the 
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trench ; they are usually either square or round in section, and 
from 4" to T side or diameter. 

An alternative method, applicable when the ground is loose, 
is shown in Fig. 636. It consists of fixing on each side of 
the trench a horizontal sheeting of planks from 12 to 14 feet 
long, close together, and held in position by vertical waling 
pieces and horizontal struts. The waling pieces are placed from 
3 to 5 feet apart, with the sides of tlie trench cut with a slight 
“ batter ” (slope) ; and the struts are tightly driven between 



the waling pieces. The sheeting is inserted in about 3 feet 
depths (i.c. four sheeting boards), and, as the depth of the 
trench increases, additional sheeting and supports are fixed in 
position. 

Another method of timbering or shoring up the sides of 
a trench is to have vertical poling boards fixed behind 
horizontal waling pieces, which are held in position by horizontal 
struts spanning the trench (Fig. 537). If the ground is very Imd, 
the poling boards are placed close together, and it is s<>metinics 
necessary to ha'^ the lower ends cut so that the poling boards 
can be driven into position l)ehind the waling pieces as the 
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excavation proceeds. When such a method of tirabering is 
adopted, the poling IxHirds are from 6 to 8 feet long ; and as 
the depth of the trench increases, another layer of poling 
boards, with waling pieces and f^'uts, is driven in front of and 
below those previously driven. 

Figs. 635 to 537 illustrate typical examples of the shoring of 
tx’enches under ordinary conditions. It often hapj)ena that 
trendies have to be dug to a considerable depth in streets 
where there is a large amount of heavy traffic, or where large 



buildings abut against the street. It is not uncommon in such 
cases tu have first of all to shore up the buildings on each side 
of a street, and also to use heavy struts to prevent the sides 
of the trench from giving way during the exc«,vations. 

With such trenches, platforms resting upon the struts are 
necessary to allow the excavated earth to be thrown out : for a 
workman cannot easily shovel earth higher than 6 feet. 

The sides of very deep and extensive trenches such as the 
puddle trenches of reservoii-s, etc., are siipiKirted usually by 
horizontal sheeting, vertical poling boards, and struts. All 
these timbers are much stronger than those used for the 
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narrower trencbes, and the struts are braced together to 
pi'event any giving way through unequal pressure. 

The Timbering of Excavations. — If the earth forming the 
sides of deep excavations is fairly hard and comjiact. it may be 
temporarily aiipported by upright poling boards, held in 
position by either inclined or hori- 


zontal struts. If, on the other hand, 
the ground is such that it necessitates 
close sheeting, it may be necessary 
to drive stout guide piles into the 
ground at about 10 feet apart, to bolt 
to these horizontal waling pieces 
arranged in pairs, and between the 
waling pieces to insert sheet piling of 
planks driven close together. If 
the depth of excavation is consider- 
able, the guide piles will require 
bracing or stilfeniiig with struts. 

Piling. — During the repair or 
reconstruction of waterway em- 
bankments, dock walls, river walls, 
promenades, etc., timbering is almost 
indispensable. As the object of the 
timbering is to jirovide a temporary 
partition which will divei’t the water 
and keep tlie scene of operations 
clear, it is necessary to ari-angc the 
timbers so that the partition will 
be practically water-tight. 

One way in which this can be 
accomplished is to drive, into the 
bed of the river, guide piles of wood. 



Fkj. r)98.— Sketch of upper and 
luwor cndB of a W ooden nio. 


shod at the foot with iron, and each 


having at the upper end an iron hoop (Fig. 538) to prevent it 
from splitting when being driven. These piles are placed in 
an upright position, from 8 to 12 feet apart, and arc driven 
into position by means of a pile driver ; and waling pieces 
arranged in pairs are then bolted to thorn, the space between 
the waling pie(^ being such that it allows of planks (sheet 
piles) being driven close together between them to fill up 
the space between the guide piles. Tlie edges of the planks 
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forming the sheet piles are often either grooved and tongued 
(Fig. 640) or V- jointed (Fig. 541) ; and the lower ends of these 



piles are out, as sliowji in Fig. 539, so that as they arc driven 
they tend to close the joints i)etween the piles. By this means 
a temporary partilion, or coffer-dam (Fig. 542), is formed which, 



Fio. 542.— Sktstcli ziliowing* construction of a Coffer-dam. 


with the aid of a pump, effectually excludes the water from the 
enclosed space. If the work is of large extent, or if the depth 
of water is considerable, the guide piles require stiffening by 
struts and braces. 
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A more effective way of making such partitions water proof 
is to arrange two rows of piles, about 18" a})ait, and then fill 
the space l)etween them with clay puddle. 

Piles similar to that shown in Fig. 538 are also much used in 
the foundation^ of large buildings, on sites where a layer of 
soft earth overlies firm ground but is too deep to, excavate. 
Such piles are driven from 3 to 4 feet apart, and support cross 
timbers which are embedded in concrete. Kim is the best 
timber for piles which are to be left in position permanently. 


SHORING OF BUILDINGS. 

Necessity for Shoring. — Whenever a building shows signs 
of giving way, either through the failure of the foundiitions or 
from any other cause, it is necessary to support temporarily 
any bulged part with props of timber. These supports are 
called snores, and the method of arranging them is called 
shoring. Shoring is also required when structural alterations 
necessitate the taking down of some pcu’tion of a building, 
especially if parts on each side are to be left standing. 

The shores of buildings may be divided into three different 
types : 

(1) Wlieu shoring is required to keep up the corner or the 
sides of a building, inclined timbers called raldiig shores are 
placed to reach from the ground to the i)art of the building 
which requires supporting. 

(2) Horizontal timbers (flying shores) and Inclined struts are 
inserted between two buildings during the reconstruction of 
a building between them ; these are also used when deep 
sewer trenches are being dug in narrow streets between large 
buildings. 

(3) Vertical posts called dead shores, carrying crossbeams 
(needles) are used for supporting the upj>er part of a building 
when it is necessary to remove the lower part entirely. 

Precautions to be adopted when Shoring. — Tlie shoring 
of buildings needs great care and calls for special judgment. 
Any careless or insecure shoring may do more harm than good ; 
in fact it may be fraught with great danger and possibly loss 
of life. ^ 

The timber for shoring must be sound and strong enough 
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to bear the stress put upon it. Since the 'work is temporsrji 
and the material can afterwards be used for other purposes, it 
is usual to employ timbers of s^e and strength greater than are 
theoretically necessary. It should be noted, also, that the 
shores are in compression, and any weakness will give rise to 
buckling ; this tendency is best 'resisted by having timbers of 
square cross-section. Pitch-pine, owing to its being obtainable 
in long straight-grained lengths and free from large knots, 
is a very suitable wood for shoring. Care must be taken to 
examine the ground upon which the lower ends of the inclined 
or dead shores rest, to see that it is solid, free from old drains, 
and capable of withstanding the pressure to be placed upon it. 
All shores should be put in position with a niininiuin of knock- 
ing, which of necessity causes vibration. As they are generally 
used to prevent any further giving way, rather than aS a means 
of forcing back any defective part, care should taken not to 
oyerstress the wall in fixing the shores in position. 

Raking Shores. — ^The best angle for raking shores is 45 
degrees. Space will seldom allow of shores being fixed at this 
angle ; a more qifual one for the top (longest) shore is from 60 to 
70 degrees with the horizontal. 

The lower ends of raking shores should rest upon a sole-piece 
or small platform of timber, to distribute the pressure over the 
ground surface. This sole-piece often consists of two or three 
thicknesses of planks crossing each other at right angles. Tlie 
lower ends of raking shores should have a small notch cut into 
them, to enable a crowbar to be used in tightening them in 
position. 

At the upper ends, a vertical wall piece — a plank about 11" by 
3" — is fixed against the wall; and needles — pieces of timber 
al>out 18" long by 4" square — pass through holes made in the 
wall piece, go into the wall for a distance of from 4" to 8", and 
project outside the wall piece, thus providing an abutment for 
the upper ends of the raking shores. The point of abutment 
should be a little below the floor level, the floor thus providing 
the necessary reaction. Tlie needle is further strengthened by 
placing above it a cleat which may, with advantage, be housed 
into the wall piece for about half-an-inch. Fig. 543 shows a 
sketch of the upper end of a raking shore in position, abutting 
against a needle. The piLrt of the needle which goes into the 
wail is usually cut so that it fits into a holo made by ^amoving 
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Fio. 648. — l^ketcb of upper and lower oiida of a Rakins Bhovtk 
M.C.J. K 
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half a brick. It will be noticed that the upper end of* the 
raking shore is bz^idled on to the needle to prevent it from 
getting out of position. ^ 

When a number of raking sitores are in the same vertical 
plane, as, for example, in a building several storeys high (Fig. 
644), the lower ends usually all rest upon the same sole piece, 

and may be fastened to it with 



iron dogs. Tlie lower ends may 
be placed close to each other, or 
there may be a space of from 6'' 
to 8" left between them to allow 
of either tightening a single shore, 
or removing it without disturbing 
the others. It is an advantage 
to have the wall pieces as long 
as possible, and, if practicable, to 
have the upper encTs of all the 
raking shores in the sanie plane 
abutting against the same wall 
piece, with a needle going into 
the wall at the upper end of each 
shore. With high buildings it is 
sometimes convenient to have the 
longest shore in two lengths : 
the lower length resting upon 
the shore beneath it — which is 
accordingly arranged to be a little 
stronger. Tlio upper length of 
this top shore is called a rider, 
and the shore underneath it is 
called the bade shore. The rider 


Fio.544.---Side Elevation of Raking ghore is tightened by inserting 


folding wedges as at A (Fig. 544). 


Raking shores are stiffened by nailing braces consisting of 


boards from 1" to 2" thick to the sides, at different heights, 


as shown in Fig. 544. When several raking shores are placed 
with their lower ends close together, stout hoop-iron is often 
nailed round them with clout nails to bind them together. 

Flying Shores. — Fig. 545 shows an example of the use of 
flying snores. Tliese consist of horizontal timbers placed 
between two buildings when, it is necessary to remove or 
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reconstruct a building between them. They are also occasionally 
placed across a narrow street, from building to building, during 
the excavation of a deep trench for a sewer. Flying shores are 
better than itiking shores, where they can be adopted, as they 
act more nearly at right angles to the pressure. Wall pieces 
are first fixed in position, with needles running through them 
and into the wall at the required heights for support. It is 
usual to have struts meeting on each side of the horizontal 
(flying) shore, and to have a straining piece between the struts. 



Methods of arraiifoitf? Slioros. 

The whule system is tightened when in position by inserting fold- 
ing wedges. Figs. 545 and 546 show two different ways of 
arranging flying .shores. If the struts are long they may be 
stiffened by nailing braces across them, as with raking shores. 

Dead Shores are the vortical posts used to support needle 
shores when it is necessary to underpin a building to renew the 
foundation, or when the lower part of the front of a building is 
taken out, as, for example, during the conversion of a house 
into a shop with a large window opening (Fig. 547). 

In this kind of shoring it is necessary to get the posts as 
nearly as possible underneath the structure they have to 
support. Ibis plan shortens the bearing length of the needles, 
and consequently increases their strength. The outer posts 
should rest upon sleepers in ai*der to distnbute the weight over 
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a larger surface of the ground. The inner posts should also 


Rakinj} Shore 
Needle 
lead Shore 



SolePieca 


Fiu. 047. ’-'Sketch Hhowing the method of Shoring a Building. 

have a firm has/; if the building has a basoiucnt it will be 
necessary either to pierce the floor or to fix post.s from the floor 

in the hasoiiient directly 

.Iron Opg 



4Dead Shore 



'3^0. m-Dotan of Bead Shurea (Fig. 547). 


underneath those required 
to support the needles. By 
this means a direct bearing 
from the ground is ob- 
tained. 

Wheti fixing shoring of 
this description, it is first 
necessary to mahe holes 
through the wall above the 
level at which the girder 
has to be inserted. These 
luoles are placed in the best 
position for carrying the 
weight above, the needles 
are pas.seil through them, 
and the dead shores are 
fixed in position, being 
tightened by means of fold- 
ing wedges. When the 
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height is considerable, or when the needles cannot be supported 
at points nearly under the 'walls, and have consequently to be 
long, diagonal struts may Ije used, or the needles may be of 
wrought iron or steel. It is a wise precaution to brace the dead 
shores in a diagonal direction. Raking shores aie often also 
necessary in such cases to keep the walls vertical ; this is 
especially so at the corner of a building. 

'NVlieriever shoring is necessary, it is advisable to place struts 
between the reveals of all window or other openings in the 'walls, 
as shown in Fig. 547 

WOODEN CENTRES. 

AVhono'»^cr arches of brick, stone, or concrete are built, as 
for exanij)lcs in the heads over window openings or doorways, 
in bridge construction, in groined work of roofs, etc., wooden 
structures are used temporarily for suppfu'ting the pai-ts of the 
arch during the construction. These wooden structures are 
called centres. The upper surface of the centre coi’responds in. 
outline to that of the sojlit, that is, the underside, of the arch. 

Fixing the Centres. — All centres used for supporting arches 
should be fixed in ]K)sition so that they can be lowered (eased) 
as soon as the construction of the arch is completed, and thus 
allow any slight irregulari.y in the brickwork to adjust itself 
before the mortar sets. 

With the simpler types of centre this is provided for by 
resting the ends upon vertical posts, and by inserting folding 
wedges between the upper ends of the supporting posts and the 
ends of the centre. As soon as the arch is completed, these 
wooden wedges are slackened and the centre slightly dropped, 
to allow the arch to find its bearings. Hardwood— preferably 
teak— should be used for the wedges, they should be arranged 
either in pairs or three together, with the thin ends blunt so 
that the}' can be driven out easily. 

AVith very large or complicated centi*cs, special consideration 
needs to be given to the means of eJising the centres. 

Centres for Small Arches.— A centre, or turning piece, for 
a fiat, OP segmental, arch of not more than six feet span in a 
half-biick-thick or a thin stone wall is readily constructed by 
cutting to the 'Tequii*ed curvature one edge of a plank of 2" 
to 3'' in thickness. 
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An ahernative method of constructing such a centre is illus- 
trated in Figs. 549 and 550. It consists of two parallel boards 



Fig. 549. Fio. 550. 

Wooden Centre for a Segmental Arch, showing sume of the Arch- 
briuks in iMisition. 


(ribs), each one inch tliick (Fig. 552, a and h\ whicli have their 
upptir edges cut 96 the required cui’vature, and are connected 
throughout their curved length by narrow wooden strips (lags) 



Fio. 651. — Elevation of Centre for a Semicircular Pm. 6.52.— Sketch of part of 

Arch. Centre (Fig. 649) ehowing the 

method of hujiporting it. 

for supporting the bncks of the arch. The size of the lags is 
from 1" to 2" wide, and about an inch thick ; and they are placed 
about apart. Their length and the distance apart of the 
two ribs to which they are nailed depend upon the thickness 
of the wall. The length of each lag should be at least half an 
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Example. — An arch hm a span of six feet^ and a rise of 8 
inches. Find the radius of curvature. 

Half the width of span » 3 feei^=s36 inches ; 

= ’ 10 = 85 ". 

.*. Ihidi ns of curvature ~ 85" = 7' 1 
Graphica-lly, tho question resolves itself into doterniining the 
centre of a circle which passes through three given ])()int3 
(p. 20). 

Centres for Larger Arches. —The centre foi* a segnieutal, 
semi-circular, or semi-elliptical arch, suitable for spans not 





more than 12 feet wide, may have each of tho curved ribs built 
up of two thicknesses of one-inch boards, nailed together with 
overlapping joints so that the joints of one layer are in the 
npiiddle of the length of the boards of the other layer. The 
lower ends are kept from spreading by nailing or bolting across, 
at the springing level, a horizontal tie, G" to 9" wide and 
1'' to 2" thick. The curved riljs are stiffened, and rigidity is 
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given to the centre, by adding braces of 4" or 6" by li", as shown 
in elevation in Fig. 651. If the wall is a thin one, of not more 
than half-aobrick, or of stone, one only of these ribs is 
required. If the wall is thicker than this, then two rilw, 
connected on their curved edges by lags, are required— tlie 
distance apart of the ribs and the length of thh lags being 
governed by the thickness of 
the wall. 

An alternative method of 
construction, and one which 

is applicable to openings of jy 

not more than 20 feet wide» n f yy 

is to make the centre out of l|/ , v j 

thicker stuff, 2" to 4" thick, i ElevaMon ' 

built up as shown in eleva- • I 


tion in Fig. 5i 


The ribs 


of this type of centre may I ^ VClopWienf 

abut end to end and liave 

stump tenons on the ends of [ \ 

the struts fitting into mor- 

tiaes made into the under 

side of the ribs (Fig. 556) ; or * ‘ 

the struts may be arranged ^^UlTOlyyl 

so that the ends go between -o / J 

the ribs as shown in Fig. r.r.8. Plan 

111 either case it is necessary P /l/ 

to secure tlio various mem- ^ 

bcrs of the ceuti'e together N 

by means of liglit Iron dogs 

as shown in the drawings Pw- ^ 9. -Details of Centro for “Circle 
® on -circle Arch. 

(Figs. 555 and 657). 

Many modifications may be made in the arrangement of the 
struts, to fulfil the requirements when the centre has to carry 
(i) a very heavy, or (ii) only a light arch, when (iii) the centre 
is to be supported at the ends only, or (iv) intermediate 
supports are also to be used. Figs. 655 and 667 are elevations 
of typical examples of wooden centres. 

For centres used for supporting large bridges, etc., the framed 
ribs are built to the required curvature, and are placed at 
from 3 to 4 feet apart, w'ith a sheeting of battens or boards laid 
upon them. 
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Tlie curves of arches for which centres are required vary 
widely. They may be segmental (i.e. arcs of circles) semi- 



elliptid|l, or even built up of arcs 
of circles of different radii, or be 
composed of other complex curves 
which cannot be considered here. 
In general the determination of the 
curve is a practical application of 
geometry. 

Tl\e construction of centres for 
“ circle-on-(jircle " arches, and for 
supporting groined ai’ches, present 


Fia. 500. -Framed stand for Other interesting examples of the 
application of practical geometry to 
carpentry. Fig. r)&9 shows the eleva- 


tion and plan, with the development of the cui'vsiture of the 
ribs, of a centre for an arch which is semicircular in elevation 
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and segmental in plan. Fig. 560 is a sketch of the supporting 
frame for such a centre. 

Fig. 561 shows the details of the centres required where four 
semi-circular arches of equal radii, and at riglit angles to each 
f)ther, intersect at the same height. The angle ribs, which are 
built up of two thicknesses, require to be “ backed (as shown in 
plan in Fig. 661 ) to provide a seating for the sheeting. To obtain 



Firt. “.Sketch of Wooden Centres shown in detail iu Fig. r)Gl 


tin's backing it is noco.saary to have a template of the required 
outline of the angle ribs, and to .slide it along the fa^’e of the 
centre for the distance shown at A' anil />" (Fig. 561). Fig, 562 is 
a sketch of the centres just described, with part of the sheeting 
omitted to show the genei'a! an*angement. 


SPECTATORS’ STANDS. 

For the purpose of witnessing field sports, cricket, or football 
matches, street piocessions, etc., elevated wooden tiered Btands 
are much used. The construction of these varies according to 
whether they are of a temporary cliaT’actei' only, or arc to remain 
as ])ermanent structures. Again, permanent spectators*- 
stands are entirel}' or {w-rtly enclosed, in which case they 
become the galleried floor or flooi-s of a building which may be, 
and often is, erectctl eiitii'ely of wood 
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With stiinds of a temporary character, the construction is 
usually effectod out of the common marketable sections (stock 

A 





Fio. .0C3. 



Fio. 564. Pio, 565.— Section throiigli AR 

Plan and Sections of a Spectators' Stand. 


sizes) of planks and deals, the joints being made as simple as 
possible, with an extensive use of the cleat and iron dog as a 
means of fastening the various parts together. With the more 
permanent structures, accurate calculations may with advantage 
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be employed to obtoin the requisite sizes of the timbers, and 
the whole is framed together more rigidly. 

Spectators* stjinds, when crowded with people who are likely 
to become excited, tend to swing, and therefore special care 
should be devoted to the bracing together of such structures to 
obtain rigidity. Especially when the stands are luuch elevated, 
the vertical supj)orts should be strong and should l)e well braced 
in a diagonal direction, so that there is no possibility of giving 
way. The posts sliould also be placed upon large base stones or 
upon concrete blocks so that the lower ends are clear of the 



damp ground. For temporary stands, rough sleepers of wood, 
or concrete pieis may be laid for the timbers to rest upon. 
AVlu!n the stand is of large area it is necessary to consider 
espe<MaIly the means of egress in case of panic *)’o attain this 
obje(rt it is well to divide up the stand, by handrails, into 
lengths of from If) to 20 feet, and aUo to divide into two— 
by a handrail up the middle — each passage which gives access to 
the upper part of the stand. 

The ^ommodation of a stand depends upon whether the 
occupants require seating accommodation, or standing room 
only. This consideration also influences the general arrange^ 
ment of the timbers. If seats are to be provided, the space 
required for each person is from 18 to 20 inches. 
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Figs. 563 to 666 show plan and two sections of a temporary 
stand constructed out of deals and quartering, with the main 
dimensions given. It consists of ten tiers in depth, each tier 
rising 8 inches above the one below it. The length of such a 
stand and also the number of tiers composing it will necessaiily 
depend upon the accommodation required or upon the amount 



of available space. In this example the length is divided into 
19 feet distances, the approaches to the different sections are 
arranged in pairs, with a stout handrail between them, ami a 
handrail is arranged niidw*ay between the lengths of the seats. 
Allowing for the thickness of this handrail, each section has ten 
seats, each 16 feet 10 inches long, which, allowing 19 inches for 
each person, provides accommodation for 100 spectators. Fig. 
566 shows an enlarged dimensioned section through two tiers 
of this stand. 
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An alternative method of construction, often adopted in per- 
manent stands, is shown in section in Fig. 5G7. It consists of 
joists inclined to give the necessary difference in height of 
successive tiers (usually from 6"' to 9"), and placed at from Ih" 
to 18" apart. Tliese joists are supported either upon heavy 
cross beams and posts, or upon steel girders and cast-iron 
columns. The horizontal surfaces are obtained by lining up 
the upper edge of the joists with 3" by 3" quartering, upon 
which rest floor boards from 1" to IJ" thick. The risers 
between one tier and the next are also boarded. 

The seats on such a stand are placed at the front edge of each 
tier ; they may be made more comfortable by fixing a back rest 
behind each row of seats. It will be seen that, whereas each 
tier is not more than 0 inches high, the seat will require to be 
17 inches high ; this arrangement will allow the feet of those 
on one seat to rest on the floor without interfering with the 
comfort of those seated in front of them. 


Summary. 

Scaffold boards are supported hy or by a framework of 

jtoh's fastened togc^ther by co7‘d8 and wedgies. 

A masons’ scaffold is so **anu'<l as to he independent of any 
support from the building itself, Mitilo one end of each putlog of the 
bricklayers’ scalfold usually rests upon the wall being built. 

A gantry is an elevated platform so J^uilt as to allow traffic to 
proco(*d beneath it. The heavy timber ^»’amiiig used to carry over- 
head travelling cranes is also called a gantry. 

Derrick towers are framed timbisr structures carrying a platform 
used to support an elevated jib crane. 

M’he sides of excavations for sewers, drains, and for deep founda- 
tions of buildings are temporarily supported (shored) by 
•puling hoardSj waling piecen, etc?. 

Piles are heavy, pointed beams driven bijo the ground either to 
form the main supports of the partitions used as walt'r coffer-damB, 
or for foundations in soft earth. 

Shoring is tho arrangement of temporary wooden supports (shores) 
for parts, of a building liable to give -way during structural altera- 
tions. Shores may Ik? arrange^l as rnX'ing shoreSf Jlying shores, or 
dead shores. 

Wooden centres are frames upon which brick arches are supported 
during construction. 
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Spectators’ etaxUls may temporary or permanent ; they should 
well braced together. For temporary stands the stock sizes of 
timber are used with simple cotind^tirig joints. Permanent stands 
are of more elaborate ocmstruction. ^ 


Questions on Chapter XI. 

1. Make sketches of two types of scsafFold trestle, and also of 
alK)ut six rungs at the lower end of a ladder. Dimension tlu? siztjs 
of the difleront pai ts of tlio ladder, and stfitc tlie best materials for 
its construction. 

2. Draw, to a scale of 4 in. to one foot, the Uevaticju and a 
vertical cross section of the hricklayeis’ scaffold rf’fpiii'ed in the 
erection of a wall 24 fecit long and 24 feet high. Name ilic* various 
parts. 

3. Draw a on^sa section of a giintry required for a stone hiiilding, 
which is to l)o built close against a ]niblic foot-)>alh 10 ft. above 
pavement, and to Imvo protecting rail ; also draw ehivatioii from 
roadway, showing mther more than one complete l>ay, the uprights 
being 10 ft. ajjart. 8cale J in. 

4. Make a sketch of a gantry to support a “traveller.** 
Dimension tlie scantlings used. 

5. Draw, to a scale of } in. tiO one foot, a plan and a vertical 
cross section of a sewer trench in bad ground, 10 ft. deep, and show 
all the timbering required to keep the sides intact. Name find 
dimension all the parts. 

6. One of the banks of a river, the average depth of which is 3 ft., 
having shown signs of giving way for a hmgtli of about 30 ft., it is 
necessary to divert the course of the water to enable the* bank to be 
repaired. Make sketches showing the timbering required for the 
purjiose. 

7. Draw a raking shore against a dwelling-house foiir storeys 
high. Figure the .scantlings of the different timbers and give their 
names, and describe how such a shore is fixed in position. 

8. Make a sketch of the upper «md of a raking shore abutting 
against a brick wall. Name and dimension the different parts. 

9. Tw^o' houses of 18 ft. frontage each in a terrace Iiave bt^en 
pulled down, and shoring is required for supporting the adjoining 
houses on each side. Sketch to scale ^ in. to a foot the shoring 
you would construct, and give details of the joints. 
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10. Two buildings are e-acli three storeys high and 15 ft. C in. 
apart. Make a drawing showing how these buildings would be 
shored with flying shores. 

11. Doscnbe and show in detail the mode of taking out the front 
wall of a ground storey to insert a shop front, with needful 
shoring. 

12. A centre is rcfjuired for a segmental arch of 30 ft. span and 
10 ft. rise. Make rather nioro than half elevation, and show ht)W 
you would provide for striking such a centre. 

1.3. Make a drawing of a centre to carry a semicireular brick areli 
of 38 ft. span. 

14. A centre is required for an elliptieal arch of slonowork, 
having 25 ft. spaii and 10 ft. rise. Draw to a scale of J in, to the 
foot such centering, atid mark thertion s(;.M.ritlings of tlie timlicTs. 

16. (o) Draw a centre for a masonry elliptieal arch, 20 ft. span, 
to be carried by tlio piers that will support the arcli. ShoAV liow 
the centre is to be cased and struck. 

Sketch and des<jnb(‘, in writing, a gantry, 35 ft. high, to carry a 
steam crane for use on a large building. 

16. Make an elevation and section of the centre required for a 
pointed arch with a span of 16 ft., and with apex 15 ft. above 
.springing, whioJi is 12 ft. alK)ve the ground. TJie arch to lx? of 
stone, witl> Hat Sf>llit 18 in, wide. 

17. Draw t.o a scale of \ inch to a foot the centering for two 
.semicircular bri<5k arches inti'rseetiiig at right angles to each other, 
the widthh of arches 10 ft. and the rise T. ft. Show the methofl of 
cutting the boarding accurately at the gi-oins. 

18. A staging is required for yrersons to sit and view a procession, 

the front of the staging to abut on the street, the depth of the 
ground is ‘20 ft., the frontage is 22 ft., no support to Uie staging 
can be obtained at either end. Make plan and sections in pencil to 
a scale of I'bc foot. 
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MECHANICS OF CASFENTRT. 

It is well known that some menibci'S of a framed structure 
must be made stronger tli.in others. The reasoii^is that the 
weights or other forces acting on a truss differ from each 
other in magnitude and direction. It is obviously necessary, 
therefore, to be able to estimate the various forces acting, so 
tliat the iuembor.s niay be made of the required 8ti‘ength with- 
out undue wa.ste of material. The general principles underlying 
the measurement of forces may with advantage now be con- 
sidered briefly. 

The Nature of Force. —Force may be defined as that which 
moves, or tends to move, a body at rest, or which changes, or 
tends to change, the direction or rate of motion of a body 
already moving. A familiar example of force is met with 
in gravitation, wdiereby an object has a tendency to fall to the 
ground. In order to support it, an iipw'ard force equal to the 
weight of the object must be exerted. The phrase “equal 
force” implies that forces can be measured. In this country 
they are usually measured in terms of weiglits in lbs., cwts., 
etc. Any one who has .seen a pulley, or lever, at work knows 
that the direction of application of a force can be changed. 
Evidently, then, forces can he represented graphimllif. Lines 
drawn to scale are employed, and these can he arranged to 
exhibit at the same time both the magnitude and the direction 
of the forces. Thus, a weight of 10 lbs. acting vertically 
downwards can be represented by a vertical straight line 10 
units in length. If the unit of length be J", the line will 
measure ten times v/hereas. if the unit of force ba 
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represented by a length of V\ the graphic representation of 
the force will be a vertical straight line 10" l«»ng. 

Besultant of two or more Forces. --(l) When two or more 
forces together act at a point in the sarne direction and in the 
same straight line, the resultant force is equal to the sum of tlie 
components. 

Example. — (a) If two 10 Jb. woiglits attached to a cord are 
hung upon the same nail, tlie i csultant wr'ight acting iij)oii tho 
nail is 10+10=20 Iba. 

(2) Tf two equal forces together act at the same point in 
opposite directions, but in the same straight line, they neutralise 
each other, and the forces are said to be in equilibrium. 


Example. — A spring balance cfirries a weight of 6 lbs. 'I'lie 
index finger of the balance shows that the spring exerts an 
upward force equal to the downward force 


— the weight ; and a state of ecpiilibriiiin is 
ol itained. 

If the two unequal forces together act 
at the same point in opposite directions, 
but in the same straight line, the resultant 
force is equal to the dilforenoe between 
the forces, and is in the direction of the 
greater. 

It is evident, then, that the directions 
of the forces, and therefore the an^Jes 
they make with one another, must be 



considered in determining the forces act- 
ing at any given ]K}int. 

Jf a flexible string be attached to a 


Fin. 6C8.— Two forcus 
Hcting in tho same dirco* 
tioxi. 


weight, and then passed over a frictioiiless pulley, there will 
be the same tension in every part of the string, irrespective 


of any change of direction caused by using the pulley. 

To illustrate these facts clearly, suppose that two 7 lb. 


weights, connected by a cord, hang over a smooth peg as shown 
in Fig. f)68. The total weight on the peg, neglecting the weight 
of the cord (which may thus lie any length), is 14 lbs., the .sum 


of the two weights. 

Again, suppose^- three such jjegs in a horizontal straight line, 
and the cord and weights to be passed over them as slu»wn in 
Fig. 569. Evidently the weight ou the central peg is nothing. 
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Now, suppose the outside pegs to be lowered slightly, as shown 
by dotted lines in the figure ; the central peg will now' carry 
a small proportion of the woigl^, and the more the outside pegs 
are lowered, the more weight w'ftl be thrown on the central peg, 
until, as shown in Fig. 568, it carries all the weight, 14 lbs. 
Therefore the w'eight upon the central peg varies according to 
the direction of the forces acting on it— from nothing in 
Fig. 569 to 14 lbs. in Fig. 568. 

'File magnitude and direction of the resultant force acting 
upon the central peg, Jind upon each of the outside pegs, can be 
determined by the paralJelogram of forces. 



Fkj. wOO. — Arrau^'oiiiciit (if WoijL'hts witli CordH Fio. 670. — I)ia(,'ratn show- 

T>aH8iiiFr over Tegs tu illuNtmte tho raralltilogram tlie Forces acting on Iho 

of Forces. i*og Fig. 60'.>. 

The Parallelogram of Forces. — If two forces acting at a point 
be represented in magnitude and direction by the adjacent sides of 
a parallelogram, the resultant of these two forces will be repre- 
sented in magnitude and direction by that diagonal of the parallelo- 
gram which passes through the point. 

Example 1. — The angle at J, when the cord pamea over the pegs 
the dotted lines in Fig. 569, is given. Determine 
by the parallelogram of forces the stress wi the peg .d, i.e. the single 
force acting through the point A, xvhich shall he equal in effect to 
the forces AG^ acting together. 

Produce and and mark off on each line 7 units, 
measuring from A. Then A1 and A 2 represent in magnitude 
and direction the forces caused by the loads. Complete the 
parallelogram by drawing \D parallel to A2, and 2Z) parallel to 
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Al* The length of the diagonal AJJy nietasured in the ^ame 
units as the lines A 1 and A2y represents the magnitude of the 
resultant force— the stress on the 


peg A, The direction of the forcG Avill 
obviously be dowmvaids. A force re- 
presented in magnitude and direction 
by DA would evidently (u)iinteibalance 
the force AD, and would therefore 
counterbalance Al and A'2 acting 
together. Forces which balance each 
other are said to be in equilibrium. 

ExAMrLK 2. " Determine the 'maijuittuie 
and d'irectiotb of the .dne/h force which 



Fio. C71. — Djagmrr allow- 
ing the on tho 

l*eg /i. Fig. 60'.). 


will replace the two forct'n exerted, ht/ the eord and v:ei<jht on the 


ppij /#! ( Tug. TjGO). 


Draw ah 7 units long (Fig. 570) and parallel to Llw* cord dl 
in Fig. 509. From h draw he also 7 units long and parallel to 
the cord below tho peg 7>j. Complete the parallelogram by 
drawing de and ad parallel to oh and he rcsj)ectively. Then 
the diagonal hd gives the magnitude of the required Knee, the 
direction of which is from h to d. 


Example 3, — Fig. 571 shows the application of the parallelo- 
gram of forces to determine tin resnlt<int force on the peg B. 

In the above examples no allowance has been made for the 
weight of the cord or for tho friction on the ])egs. It is assumed 
in each case that the foi'ces are acting at tlie point of intersection 
of the straight linos ])roducod. 

Example 4. — 7' wo forces of 10 and G Ihs. respectivelg act from 
a point and in directions which are at right angles to each other. 
Determine the magnitude and direction of the single fore*^ which 
can replace the two forces, 

Ijet the line AB (Fig. 572) represent \u magnitude a force of 
10 lbs. acting at the point A in the direction indicated by the 
arrow, and A (7 a force of 6 lbs. acting at right angles to AJi. 
Complete the parallelogram AC DU. Then the length of the 
diagonal AD represents the magnitude of the resultant force, 
and the direction in which it acts will be from the point Ay as 
shown by the arjpw. 

It must be understood clearly that a resultant is a force 
which can take the place of, and will produce the same effect 
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as, two or more forces. To maintain equilibriuin, tbe resultant 
force must be counterbalanced by an equal force acting in tbe 
opposite direction. The force acting is called tbe equUllnrant. 



Example 6. — Fitja. 573 and 574 shovr the ‘nuujvitude and 
dlrectitm of the resultant force 'when forces of 9 and 0 Ihs, rcspec^ 
tirehf act at angles of {a) iSO", (5) 45®. 


nie simple apparatus shown in Fig. 575 clearly jllustrates the 
principle of the parallelogram of forces. Ou a vertical boaid 



are fixed two small pulley.s by means of screws, so that they 
revolve with as little friction as jmssible. By making a thi’ee- 
way string, passing it over the two pulleys, and adding varying 
wtiights to each of the three ends of the string, it can be 
deinonsti'ated clearly how the three forces act. In Fig. 575 
the weights are respectively 5, 6, and 4 ll^s. By drawing the 
parellelogram AlWCy sudi that AB equals 5 units in length, 
and AG equals 4 units, the diagonal DA is found to measure 
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6 vnits, and to represent the magnitude of the middle 
vi^eight. If other weights are attached to the ends of the 
strings, diderent results will, of course, be obtained. 

Triangle of Forces. — Tlie triangle of forces is used to deter- 
mine the magnitude and direction of any three forces which 
balance each other. The rule may be stated as follows : If three 
foroea acting at a point are in equilibiium they can be represented 
in magnitude and direction by the three sides of a triangle taJcen 
in order. 

Example 1. — The forces acting upon A {Fig. 575) are in 
equilibrium. 

Since the length of the lino AJi^h units, and the line 
BD is parallel and equal in length to dC=4 units, and the 
diagonal DA is in a line with the direction of the middle 
vertical weiglit and equal in length to C units ; then the sides 
AB, BD^ and DA of the triangle ABD represent botlj in magni- 
tude and direction the forces acting at the point A. 

To save confusion it is usual, however, to draw a separate 
triangle to illustrate these forces. A somewhat different system 
of lettei'ing also simplifies the consideration of the examples. 
This is known as Bow's notation. In it the two letters denoting 
a force are placed one on each side of the line representing the 
force, that is, in the spaces betw'oen sucli lines. Thus in Fig. 576 
the tliree forces acting at the point o are referied to as AB^ 
BCj CA respectively. 




Fio. 576. — Tlirco F»rccs acting at Pio. 677.— Triangle of Forces for 

a Point. Fig. 676. 

Example 2. — Given the magnitude (9 Ihs.) and the direction 
{indicated Inf the arrow) of AB^ and the angles which the directions 
of the three forces make udth each other y it is required to find the 
magnitude and direction of BC and CA when the forces are in 
equUihrium. 

Draw the line (Fig. 577) parallel to the direction of action 
of the force AB. 9 units long, and in the direction shown by the 
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arrow. From b draw he parallel to BC until it meets ac drawn 
parallel to CA, Then the triangle abc is the triangle of forces, 
and the direction of the force»;^/lU and CA can be found by 
taking the sides of the triangle'' t« order^ viz. a to 6, ft to c, 
e to a ; and these dii'ectioiis give also the directions of action 
of the forces represented by the lines parallel to c/&, bc^ and ca 
respectively. Thus AB acts fnyin the joint o ; BC acts towards 
0 ; and CA acta from o. 

The following examples show the application c*f these 
principles to simple practical c^ues- 
tions. 

Exampi.e 3.— A rope hears a tensile 
stress {pull) of 30 tnvts. Find the mag- 
nitude of the stress in each of two other 
ropes which make an angle of 60'" ivith 
^ each other^ and together ^balance the 
stress in the first rope^ supposing the 
second and third ropes are etjuidh) 
stressed. 

Fig. 578 shows the ap})Iication of 
the triangle i)f forces tt) the solution 
of this question, the answer giving 
the stress in each rope as 17 '32 cwts. 
By going round the sides of the 
triangle in order, it will be seen that tlu; force in each of the 
three ropes acta fro-ni the joint. 

Example 4. — .1 hxickling-chain is used to raise heavy blocks of 
stone. What is the amoxnit of stress in the links of the chain when 
raising a weight of 
one toiiy if the buck- 
ling-chain is : 

(rt) pulled tightly 
as in Fig. 579; 

(6) placed loosely 
round the stone as in 
Fig. 580. 

The correct solu- Fro. fi79.-*StrcMes in a Biickling-ohalu when pulled 
tion of this question tight, 

depends on (1) the weight of the stone ; (2) tlio angle between 
the forces AC and BC. 
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The appHcation of the triangle of forces in each case (Figs. 
579 and 580) shows that the stresses AC and BC are more than 
twice as great when the chain is 
fixed as in Fig. 579 as they are 
with the arrangement in Fig. 580 ; 
or, the tighter the chain — i.e. the 
greater the angle between the 
forces BC and CA — the greater is 
the stress on the links. 

Example 5 . — A triavqular bracket 
fixed agaitist a vjoll^ as shown in 
Fig. 581, has a weight of b ciots. sus- 
pended from the outer end o. What 
is the nature and amount of stress 
in each of the members oA and oB? 

Fig. 582 is the triangle of forces used to determine these 
atresses, and is drawn as follows ; lj2^ is drawn parallel to and 



PlO. 681.--I>.inc T)i}iKraH» of Tri- Fia. .082.— Stress Diagram for 
angular Wall-bracket. Fig. 6S1. 



form of WalM>rackot with Stroed Diagram. 



Fin. — Htrossos in a Duck* 

ling cliain wlu-n vlaml luosoly 
ruund a load. 
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represents the downward force (the weiglit of 5 cwts.) to scale. 
From 2^ draw 2j3i parallel to 2 3 in Fig. 581 until it meets 1|3| 
drawn parallel to 1 3. Then tj[ie triangle l]2|3j represents the 
magnitude of the forces. 

By going round the triangle in order as shown by the arrows, 
we find that 2 3 acts towards the joint o and is therefore a 
compression stress or thrmt^ and 3 1 acts from the joint and is 
therefore a tension stress or 

Fig. 583 shows a somewhat modihed design of triangular 
wall-bracket, and Fig. 584 is the triangle of forces by which 
the stresses in the various members are ascertained. 



Example 6. — What u the nature and amovvt of strensi in each 
of the mmihcrs AB and AC {Fig, 585) caused hg tlw weight o/lO 
cwts, acting as shown? 

This example may be taken as typifying a simple kind of 
roof- truss with the weight taking the place of the ridge piece. 
Re-letter or figure the diagram according to Bow’s notation. 
Draw the vertical line equal in magnitude and direction 
to the weight 2 3. Complete the triangle by drawing lines 
parallel to the 11101111361*8 i4(7and A/i, from the points 2i and 3i 
respectively. These lines represent the amount of stress along 
the niembei*s A C and A B, On taking the sides of the triangle 
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in order as shown by the arrows, it is seen that 2i3i act down- 
wards; 3,li acts towards the joint A, as does also ; there- 
fore each member is subject to a compression stress (thrust). 

Fig. 586 shows another example of this kind with a much 
stiialler angle between the forces. 

Fig. 587 illustrates a still further example, where the two sides 
are of unequal inclination. 

Polygon of Forces.— The method of obtaining the resultant 
of any two forces acting at a point can be extended to three, 
four, or any number of forces. 

Example. — OA, OB^ OC^ ODy OEy {Fig. 588) represent the 
magnitude and direction of Jive j'orces acting at the point 0. 
Detemiine the magnitude and direetion of the resultant force. 

This problem can be solved 
either by an application of the 
Yjarallclograrn of forces or by a 
direct construction. 

(1) Determine by theparallelo- 
gram of forces, the resultiint 01 
of forces OA and OB (Fig, 588). 

Similarly, determine the resul- 
tant 02 of the forces 01 and 
OC. Again, 03 is the rcsultfint 
of the foi'ces 02 and 07) ; and 
finally 04 is the resultant of 
03 and OF. Theiefore, 01 is 
the resultant of all the o? iginal 
forces ; or, in other words, a single foi’cc ocpial in magnitude 
and direction to the force 04 w'ill have the same effect at the 
point 0 as the five forces have when acting together. Since a 
force 40 will balance 04, a foice represented in magnitude and 
direction by the line 40 will, together wdth the five given 
forces, produce e<iuilibrium at the point O. 

(2) The same result may be obtained more simply as follows ; 
Re-letter the forces as shown in italics (Fig. 589), and then, as 
in Fig. 590, draw a straight line «7/ equal in magnitude and 
parallel to ab (Fig. 589). From 1/ draw bV equal and parallel to 
be ; continue the process, taking the forces in order. It will be 
found by drawing' the closing line of the polygon, that is, by 
joining .t?' to a\ that .v'a' gives tlie magnitude and the direction 



Fio. St-/’.— -Five Forces acting at 
Point. 
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of the force required to produce equilibrium. Conversely, aV 
is the resultant of itll the original forces. By drawing the line 
AO through the point 0 (Fig. 509) and inde:xing it to scale, the 


C* 



l^'tc MOj J-’u;. .VK>. 


/it43riintc StrcHs t>ja);mnt8 Cur Fig. .OSS. 

required I’csulLaiit — which corres]»on(lH with the one determined 
by the parallelogram of forces — is obtained. Its direction is 
indicated by the arrow. 



Fia. 501. Fjo. .^O'l 

ISxantplcs showing the uppllcation of the Polygon of Forocs. 


Fig. 592 is the polygon of forces when two of the forces, he 
and de^ act towards tho joint (Fig. 591), the magnitude of all the 
forces being as in the previous example. In this case the 
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equilibvant is determined, and is shown by the thick line in 
Figs. 591 and 592. 

Figs. 588 to 592 should bo compared carefully. 

The polygon of forces may be stated as follows : If two or 
more forces act at a point, then, if starting at any point a line be 
drawn to represent the magnitude and direction of the "first force, 
and ftom the point thus obtained another line be drawn similarly 
to represent the second force, and so on until lines have been drawn 
representing each force,— the resultant of all these forces will be 
represented by a straight line drawn from the starting point to the 
point finally reached. 

Polygons, })arallelogt*ains, or triangles, of forces, when used to 
deteniiiiio eitlicr the resiiltciut or the equilibrant of stresses 
acting at a point, aic called reciprocal diagrams. 

Inclined Forces in one Plane but not acting through one 
Point.-— The foregoing examples deal oidy with forces which 
act at a single given point, and in these cases the resultant acts 
at the same point. When all the forces do not act at the same 
point, the magnitude and direction of the resultant is obtained 
as in previous exanij)les, i.e, by drawing the reciprocal diagram ; 
the line of action, however, still remains to be determined. To 
determine this line of action, it is necessary to draw what is 
known as the funicular or link polygon. T'he method is as 
follows : 


Examju.k. — Let -V, J”, Z (Fig. 593) be 'kree forces in the same 
•plane and of the maynhude and directimt shown. It is required 
to fnd the maynit'itde and the line of activn of the resultant 
force. 

Re-letter the forces abed according to lk)w's notation (p. 311), 
and draw the reciprocal diagram a'b'cd' ; the line a'd which 
closes the figui’o represents the magnitude of the resultant. To 
obtain the actual line of action of the residtant, take any point 
or pole 0 and join a'O^ HO, c'O, d'O, The figure thus obtaintxl 
is called the polar diagram. The funicular polygon is now 
constructed by drawing — anywhere in the space b — a line 12 
parallel to b'O and interaecting the forces X and Y at 1 and 2 
respectively. From 2 draw 23 parallel to c'O, intersecting the 
force Z in 3. Thr^^ugh 1 draw 1 4 parallel to a'O, and through 
3 draw 3 4 parallel to d'O, Through the point of intersection 4, 
draw a line 72 parallel to dd\ It is the rt:quired line of action 
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of the resultant of the three given forces, and its magnitude is 
represented by the length of a'd\ 




Method of duterniiiiiug the Ri^MuItant of three Forces which do not 
^ act at the same Point. 

Parallel Forces. — In addition to foiVos acting in the \\ays 
already explained, it is necessary to ctnisidi'r a few exannilcs of 
parallel foi-ces. (Tlieso must not be mistaken for tho.se dealt 

with by the parallelogi’am 
of forces, as they are eii- 
tii'cly different.) 

In all the examples of 
parallel foi'cca now to be 
considered, the ftwves w'ill 
act vertically. As these can be show'ii easily botli graphically 
and arithmetically, each examine will be worked out by both 
methods. 

The simplest examples of the equilibrium f)f parallel forces 
are found in the use of levers. The lever shown in Fig. 595 is a 
straight bar resting on a triangular block, called a fulcrum. 
At the ends A and B of the lever, forces P and W respectively 
act verti(MiJly downwards. It is plain that forces P and W will 
tend to rotate the lever iii opposite directions around the fixed 
point F, The tendency of either force to rotate the lever is 
called the moment of that force ; it is measured by the product 
of the force into the perpendicular distance (called the arm of 



Pio. 605. — Simple Lover. 
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tbe force) of the fixed point from the line of action of the force. 
Wlien tbe two momenta are equal the lever la in equilibrium. The 
conditions of equilibrium therefore are : 

Py.AF=WyiBF. 

If A^be 6"', BF\)Q 2", and ir=9 lbs, then P will require to be 

9x2 ' 

= 3 lbs. ; the moment of each force being 18 inch-lbs. 

Since moments are always expressed in terms of the product 
of a force and a length, both these factors enter into every 
statement of the magnitiuie of a moment. If the distances bo 
expntssca in feet, and the forces in cwts., the moments will, of 
course, be expressed in ft.-ewts., and so on. 

Example 1. — A horizontal bar 3 ft. long has a weight of 2 lbs., 
at one end^ and of 4 Ihs. at the other end (^Fig. 596). Find the 
point at which the bar must be 
supported so that it will rest hori- 
zontally. (Neglect the weight of the 
bar.) 

Arithmetically. — Since the lever 
is in equilibrium, the total down- 
ward force of 6 lbs. is balanced by an upward force (reaction) 
of 6 lbs. at the unknown point of support, and tlie moment 
of the upward reaction, about any point, is equal to the sum of 
the moments of the downward forces about the same point. 
Consider moments about A : 

Moment of weight at A, about A, - 2 xO. 

» 5» J» P » -^, = 4xAZl. 

„ reaction about A=(2 + 4)x A N. 

6xA.r-(2xO) + (4x^5); 

.-. 6-4.V=0-h(4x3) ; 

.% AAr=Y = 2fcet. 

Oraphically. — In the consideration of these forces graphically, 
the polygon of forces becomes a straight iiiio. A polar diagram 
and a funicular polygon are required. 

Fig. 597 shows the bar with the weights suspended. Letter 
the forces AB and BC. The polar diagram is drawn as follows : 
Draw to a suitable scale, a vertical line ac, 6 units long— equal 
to the sum of the weights. From any point 0 which may be at 
any convenient distance from ac, draw Oa, Ob, and Oc. To 
construct the funicular polygon, draw, in the space B, IM 


i: 


3'- 


B 

1 


XUm ^Os. 

Fia. 506. 
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parallel to ho. From 1 draw I S parallel to aO, and from 2 draw 
parallel to Oc^ and produce it to intersect ISinS, Then the 
vertical line drawn through tlie point S will give the position 
of the fulcrum. If the distanc^ from this point to the points 
of application of the weights be measured, it will be found that 



Fw, HOT . — Loaded Jdcam, wiUi Sirens 

/ 

they are in inverse propoHion to the magnitudes of the weigliU', 
and that the weight on the right hand side of the fulcrum, 
multiplied by its aim of leverage, will be equal to the weight 
on the left hand side, multiplied by the arm of leverage on 
that side — the arms being (»iie and two feet respectively. 

ExAAii’LK 2. — I'hur weights of 2, 3, 6, and 4 V>s, respectively 
hang on a har as shown in Fig. 598. Detevmwe the point at 

which the har must be supported 
B C D horizontally^ the weight 

of the har being neglected. 
Arithmetically . — Ijet the re- 
. quired point of support be 
Fig. .TO8. denoted by the letter X, 

When the bar is in equili- 
brium, the sum of the moments about A of the downward 
forces, must be equal to the moment, about A, of the upw'ard 
reaction at the point of support. 

the downward moments about A 
«(2x0)+(3x7)+(6xH)+(4xl5) 

• 0+21+06 + 60 



147 * 
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The moment about A of the upward reaction 
=Sum of all the weights x A JT 
=(2+3+e+4)xAA"«15A.\r; 

15AAr = 147; 

AA'=Vh^=9J feet. 

Oraphicalli /^ — Draw the vertical lino of loads ea, representing 
to scale the sum of the weights as shown (Fig. 599). Construct 
the polar diagram by drawing from any point 0 the lines eO, 
dO, cOy hO, and aO. To draw the funicular polygon, draw 
vertical lines under each weight, and —staiting anywhere in 



Fia. 690.— Loaded Beam with St mas Diagmins. 


the line of the first weight as at 1 — draw in the space B a line 
1 2 parallel to Oh ; in the space C diaw 2 3 parallel to Oc ; in the 
space D draw 3 4 parallel to Od. Through 4 draw 4 5 parallel to 
eO and through 1 draw 1 6 parallel to Oa, The vertical line 
drawn through the point 5, where these two lines meet, gives 
the position of the point of suppoi’t. 

Although the application of the lever as a tool or machine is 
an everyday occurrence with the workman in such appliances 
as the turning bar of the bench-vice and sash-craiiip, the screw- 
driver, brace, pincers, claw-hammer, grindstone, treadle lathe, 
mortising- machine, etc., the detailed consideration of each of 
these cannot be entered into for want of space. Tlie following 
examples involvfbg the use of the crowbar will suffice further 
to illustmte the principles involved. 

M.G.J. li 
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Example 1. — What force mmt he exerted at one end of a crovh 
har 6 ft long^ to raise a weight of 10 cwts, at the other end: the 

har resting on a fulcrum W 

“ -1 






Fio. 600. 


from tfie weight. {Neglect 
the weight of the crowbar.) 

Let An (Kig. 600) be 
the bar 6 ft. long, and F 
the fulcrum at 9" from A. 
in inch-lbs. about F, Let r be the 


Consider moments 
required force. 

Moment of 10 cwts. about jP='9x lOx 112 inch lbs. 
Moment of x about F= BFx jr=(72 - 9) x = 6:i x x inch-lbs. 


9x10x112 
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160 lbs. 


Example 2 . — A man weighing 140 lh». is using a crowbar H ft. 
long. What must he the position of the fulcrum lo emahie him. to 
balance a weight of 1 260 Ihs. at the other end ? 

Let AB \)Q the length of the bar ; F tlic position of the 
fulcrum ; and x the length of the long arm in indues ; 

then ( 60 - 1 ^ is the length of the short arm in inches. 
Taking moments about Fy 

140a:= 1260(60-^); 

I4ar= 75600 -1260.r; 

14007+ 1260j7 = 75600; 

140007= 75600 ; 


' * inches =4' 6" = length of long arm. 

Example 3. — A 
lever 7 ft. long is 

as shown in 7 ft . 


P-200Ua. 


I 


/2 


Fio 601. 


Fig. 601 . If a force 
0^200 lbs. is applied 
at P in the direction 
of the arrow y what weighty placed at a point 12" from the fulcrum^ 
can he raised? 

Taking moments in ft,*lbs. about Fy 
IFx 1=200x7; 

1400 lbs. 


XilHtdBd Beams. — The determination of the proportion of 
total weight carried by each support of a loaded beam— 
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in other words, the upward reaction of each support which is 
necessary to maiiitain equilibrium — ^affords a good practical 
example of the theory of parallel forces. 


Example 1. — J beam resta upon supports placed 8 feet apart, 
A weight of 12 Ihs, is placed on the beam at a. distance of ^2 ft from 
the right-hand support. What p'cgwrtion of the weight is carried 
by each of the supports^ the. weight 

of the beam being neglected? f2lhs. 

Arithmetically . — In this case p- - Q , 

(Fig. 602) the downward force 
(weiglit) of 12 lbs. must be Ki„. co2. 

balanced by upward forces (re- 
actions) at the points of support, I'espectively equal to the 
pressure at these points, and together equal to 12 lbs. ; and the 
moments of the upward forces ab(»ut the pt»infc c must be equal. 

.*. Roaction at A Reaction al Z? x Bc^ 

i.e. Reaction at A : Reaction at 11 ; : Be : Jc, 


or Reaction at A 


Sum of reactions 
at A and B 
i.e. Reaction at A : 12 lbs. : : Be 


::yJc:(Rc + Ac)* 
All 


Tlii.s may be expressed in general terms as follows : 

, , Distance of tlmt _ . , 

Pressuie on one end ^ that . . . Dength between 

caused by any load ‘load* other end * supports. 


therefore 


Pressure on A : 12 lbs. \ \cB\ AB\ 

^ . 12xc^ 12x2 

Pressure on = =-’g - =3 lbs. 


0 -1 1 !> 12x/4c 12x6 

Similarly, Pressure on B— — g — 

Graphically. — Fig. 603 shows the beam and supports witli the 
load in position. The polar diagram is drawn as follows ; Draw 
a vertical line aft, representing the weight (12 lbs.) to a suitable 
scale. From tany point (Z, which may be at any convenient 
distance from aft, draw the triangle Oah. Draw as in the figure 
a vertical' line directly under the load, and one under each 
point of support, .as j7, y. Letter the load A By and the space 
between the suj^jjiorts C. These letters can now be used to 

* (Euclid, Book V., Pn>iw. 18 and B.) 
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denote tlie reaction at each point of support — Le. the upward 
force required to maintain equilibrium — which is equal and 
opposite to the pressure exeHed on each support by the load. 
Anywhere in as from I, draw, in the fiuace a line 1 2, parallel 
to aO ; from 2, in the space draw ^3 parallel to hO, Join 
1 3, and through the pole <9, draw Oc parallel to 3 1. Then ao 
(on the vertical line of loads ah) i^epresents to scale the pressure 



on the left-liand support, and cb to the same scale represents 
the pressure on the right-hand support. 

As the reaction at each end is equal in magnitude and op- 
posite in direction to the pressure, ac gives the amount of the 
1 ‘eaction AC, and be gives the amount of the reaction BC; and 
the sum of the reactions— both acting upwards — is equal to 
the total weight (12 lbs). 


Example 2 . — A beam is loaded ew ^hown in Fig, 604. Deter- 
mine the reaction at each end^ that w, the upward force required 
at each point of mpport to maintain equilibrium. 

Arithmetically : 

Reaction at A due . . nn 

to wejght at C ' 

Reaction at A due_ wt. at < 7 x CB 5 x 13 
•' to weight at (7 "" Ali 16 
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Similarly, 

Reaction at J due wt. at /) x DB _1 x 9 
to weif^lit at 7) AB 16 ’ 

Reaction at A dne_\vt. at E 'kEB ^y. 2 
to weight at A' ~ A B 16 ’ 

The total reaction at A 
is equal to the sum of the 
partial reactions as shown 
above ; or it may be ob- 
tained directly thus : 

Total reaction at A 

(wt. at C'x CB) + (wt. at 7)x />j?)+(wt. at ExEB) 



Fig. t>04. 



Qraphicalhi , — Construct the vertical lirie of loads, represent- 
ing to scale the s^ of the weights as shown in Fig. 605. Fix 
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the pole 0, and draw the dotted lines Oa, Oh^ Oc, Od. Letter the 
loads and draw a dotted vertical^ line diiectly under each load 
and under each support as showii. From any point in the 
first line, draw in the space A, a line 1 2 parallel to aO \ from 
2 draw 2 3 parallel to hO ; from 3 draw 3 4 parallel to cO \ 
and in the space Z>, from 4 draw 45 parallel to dO. Join 1 
to 5, thus completing the funicular polygon. By drawing a 
line parallel to 51 — the closing line of this polygon — through 
pole 0, and meeting the vertical line of loads at c, it is found 
that ea equals the reaction EA^ and ed ecpjals the reaction ED ; 
they are together equal to the sum of the weights in the beam. 

Example 3. -^A beam weighing 6 c^vU, is loaded as shomi in 
Fig. GOG. Detei'minc the reactimi at each end ne,cessarg to produce 

equilihriarn, 

Wlien the weight of a 
uniform beam is to be 
considered, it may be 
taken as acting half-way 
between the siij^ports, and 
thus adding half its weight to each support. With this differ- 
ence the method used is as in the previous example. Fig. 607 
shows the graphical solution. 

Stress Diagrams for Roof TSrusses.-‘Fig8. 608 toGl7 kIiow 
an application of the foregoing graphic methods to the deter- 
mination of stresses in roof trusses. Fig. 608 is a line diagram 
of a king- post truss losided in the usual way. It must be 
noticed that the lettering is arranged so that every member is 
indicated by a letter on each side. It is first ncceasary to 
determine the amount of weight carried by each point of sup- 
port. Tliis example is simplified by the symmetrical loading, 
as one half the weight is carried by each point of support. 
When this is not the case, the proportion of the weight carried 
by each support must be determined fii’st, by a consideration 
of parallel forces, as in earlier examples. 

It is usual when determining the stresses of such a truss, to 
draw the stress diagram, shown in Fig. 613. This diagram is 
a combination of Figs. 009 to 612, which are only drawn as 
separate figiiras to assist in understanding the question more 
clearly. 

609 is the polygon of forces for the joint (1) at the foot 
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of the principal rafter on the left. Four forces act at the point : 
AB downwards, BN the principal rafter, NO the tie beam, and 
the upward force, AG-—the reaction at the point of support. 
Of these four forces the amounts of two, AB and AG^ are 
known ; it is required to determine the nature and amounts of 
the sti ess of BN and of NO when acting at the angles given. 



Commence Fig. C09 by drawing ah equal to AB, and ag equal 
to AG, the upward force. As these two forces are in the same 
straight line, and in opposite directions, their resultant is the 
line bg. From h draw bn parallel to BaV ; and from g draw gn 
parallel to GN until bn and gn meet. Then hng is the polygon 
(a triangle in this case) of forces acting at the point ; and bn 
and ng represent the amount of stress in the principal rafter and 
tie-beam respectively. 

The direction of the stress is found by taking the forces 
in order thus, gh acts upwards bn acts towards the joint, 
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therefore this nieinlDer is in compi’ession ; ng acts from the 
joint, which indicates that the tie-l^am is in tension. 

At joint (2), four forces act, namely, BG^ BN^ CM^ and NM. 
The two known foi-ces are BC acting downwards and BN 
towards the joint. For the magnitude of the stress on HJVhas 
already been found, and its direction of action at jokit (2) is the 
opposite to its direction at joint (1). Fig. 610 shows the appli- 
cation of the polygon of forces to this joint. In it, he and hn 
are drawn equal and parallel to BC and BN respectively ; and, 
by diawing nm parallel to NM and cm parallel to CM, the stress 
diagi'arn is obtained. This shows that the stress in CM, the 
upper part of the principal rafter, is much less than in BN, the 
lower part. By tracing the polygon, it is found that he acta 
towards the joint, cm towards the joint (therefore CM is in 
compression), mn towards the joint (compression) and nh 
towards the joint (compression as in the previous figure). 

At joint (3) there are four forces, i.e, CM^ CD, DL, ML, acting 
as shown. Of these four forces the two CM and CD are known. 
Since the amount and nature of the stress in any member must 
be the same at any intermediate point between the joints, the 
stress in CM acting upon joint (3) must be as determined by 
the diagram for joint (2). Fig. 611 is the stress diagram ; cd is 
drawn parallel and equal to CD ; cm parallel and equal to CM ; 
ml and dl are drawn parallel to ML and LD respectively until 
they meet. Taking these forces in order, cd is tow'ards the 
joint, DL towards the joint (compression), LM\^ fronx the joint 
(tension), and MC towards the joint (compression). 

The tension stress in LM is caused by the struts 3fN and 
LII, which transfer part of the loads BC and DE respectively 
to the foot of the king-]K)st, If no struts existed in this truss 
there would be no stress in ML, 

Joint (4) has five forces acting, each one of which has already 
been determined, since tlie stress diagrams for one side of the 
truss are in this example applicable to each side. For example, 
the diagrams showing the stresses in the joints (1) and (2) are 
applicable to (6) and (6) respectively. An examination of Fig. 
612 will show that gn is parallel and equal to GN ; nm is 
paiullel and equal to NM hn is parallel and equal to LM and 
Ik being drawn |^rollel to LH meets mn in n, whilst kg is equal 
to ng. The diaj^ram therefore shows the stress in each of the 
five members. 

u.o.j« L 2 
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In Fig. 613, wliich is the complete stress diagi'am for the 
members of the truss, the lettering is identical livith that in each 
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Fig. 616 is the stress diagram of this truss. Similarly, Figs. 
616 and 617 are respectively the line diagram of and the stress 
diagram for, a composite roof truss, sometimes named a German 
truss. The detailed explanation already given will enable the 
figures to be understood. 


STRENGTH OF WOODEN BEAMS. 

For the purpose of ciilculating the carrying capacity of 
wooden beams, it is necessary to notice the natiiro of the 
stresses to which they are subjected, as well as the manner in 
which they are loaded, and the arrangement of the load. 

Stress and Strain. — When a weight, or other force, acts 
upon a beam, it tends to change the shape and size of the beam. 
The force is technically ciilled a stress, while the change in 



Fio. 618, — Bwirn cut t« illuKinito Btresecs. 


shape or size is called a strain. When a beam or girder, sup- 
ported at both ends, is loaded, the upper part tends to shorten. 
The lower fibres, on the other hand, are in a state of tension, as 
they tend to stretch. The force acting on the upper fibres of 
such a Wain is therefore a compression stress ; that on the lower 
fibres is a tension stress. 

The existence of these stresses may be made veiy apparent 
either by making a saw-ent across, or by actually cutting out a 
wedge-shaped piece from, the middle of a beam of wood for half 
its depth, as shown in Fig. 618. On resting the beam on tw^o 
supports with the cut edge uppermost, and then loading it, it 
will be seen that the saw-cut closes. This shows that the fibres 
on the upper side ai'C in a state of comjw'ession. If the same 
beam is now tui*ned over so that the saw-cut is on tlie lower side, 
and again loaded, the tendency is for the cut to open, thus 
showing that the fibres on the lower side are in a state of 
tension. 

Shearing Strejj^es. — A shearing stress is one w'hich gives 
the fibres of the wood a tendency to slide over one another. 
A shearing stress may be either in the direction of the fibres or 
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at right angles to them. To illustrate a shearing stress in the 
direction of the fibres of a beam, imagine the beam cut into a 
number of boards ; place these on^^the top of each other in the 



Fia. 610.— To illustxuto Shearing Stress in the direction of the Fibres. 


position of a beam resting upon supports at each en(l,pand place 
a load in the middle. The result will be that the beam will 
bend, as shown in Fig. 619, and the boards will slide over 

each other. A shear- 
ing stress across the 
fibi'es of a loaded beam 
can be illustrated by 
Fia.620.-To illustrate Clearing St^^^ taking a bar of SOap, 

or some such soft 
material, resting it upon supports, and loading it. The result 
will be as shown in f ig. 620. 

Methods of Arranging Beams.— Tlie nature and amount of 
stress in the fibres of a loaded beam depend upon the way the 
beam is supported and on the arrangement of the load. Thus 
a cantUever is a beam with one end only secured upon a support, 



the other end overhanging. The 
load upon a cantilever may be a 
concentrated load at the outer 
end, as in Fig. 624, or the load 
may be anywhere between the 
outer end and the supported 
end ; a number of loads of vary- 
ing weights may be distributed 



Fio. 621.— A beam fixed as a 
Cantilever. 


over the length ; the load may be a uniformly distributed one 
extending over the length of the beam, or it may be a com- 
bination of a concentrated load and a distributed load. A 


cantilever loaded in any of the ways just described has the 
fibres in the upper edge in a state of tension, those in the 
lower half Leing in compression (Fig. 621). 

A beam supported at both ends may be loaded in any of the 
ways descrilied for the cantilever, with the result that the 


stresses will be as shown in Fig. 622 ; i.e. the upper part will 


SirRENGTH OF WOODEN BEAMS. 


m 


be in compression, and the lower half in a state of tension. 
The stresses in the vai'ious parts of a loaded beam which has 
the ends fixed differ from those of the beam which simply 
rests upon supports. They are illustrated in Fig. 623, which 
shows that for a distance of about one-fourth from ea.ch end 
the beam takes the form of a cantilever, and has the fibres in 
the upper half in a state of tension and the lower fibres in 
compression. The remainder of the beam has the upper fibres 



Comfiressiortf 




Fio. 622. — Beam siipporteil at lK>l-h ends. 


in compression and the lower part in tension. The neutral 
axis of all these beams is in the ceuti'e of the depth. If a long 
beam has intermediate supports as in Fig. 623, it may be 
regarded as being “fixed” at the points of intermediate 
support. 

Bending Moments. — For the purpose of making comparisons 
of the relative strengths of loaded beams, a further consideration 
of the “moment of a force ” is necessary. Since the tendency 


«- 








Fia. 623.^ Beam fixed at tlie ends. 


to bending, to which a given l>eam is subject at any point, 
depends upon the moments of the stresses about that point, it is 
obvious that the lelative strengths of beams may be measured 
ill teiins of moments. The hending moxnont at any given sectlor 
is the algebraic sum of the moments of all the external forces acting 
on one side of the section. Since it is at the point where the 
greatest bending moment occurs that the beam is subjected to 
the greatest stress, it follows that it is of some importance to be 
able to determine the bending moment of beams loaded under 
different conditiems. The bending moment — like other moments 
— must always be expressed in terms of a length and a force. 
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Example 1. — A cantilever carries a load of 6 tons at its outer 
end^ which is 6 fu from the supporting wall* Determine the maxi* 
mum bending moment^ and also the Ij^ending mommU at 2 ft* from 
the wall. * 

The greatest tendency to bending will be at the i)oint of 
support, i,e. at a distance of 5 ft. from the load. 

Maximum bending moment = 5 x G = 30 ft.-tons. 

Bending moment at 2 ft. from the wall (i.e. 3 ft. from tlic load) 

= 3xG = 18 ft.-tons. 

The bending moment at any distance from the load may be 

determined graphically 
by drawing, as in Fig. 
624, a vertical line Ali 
30 units long (represent- 
ing the maximum bend- 
ing moment) under the 
point of support A (i,e. 
the point where the 
bending moment is a 
maximum), and joining 
DC. Then the bending 
moment at the point a 
will be represented by 
the length of ab drawn parallel to A B. 

Example 2.-4 cantilever projects Aft* and carries a uniformly 
distributed load of 8 cwts. along the upper edge. Determine the 
maximum bending moment^ and also draw a diagram frmn which 
the bending moment at any section along the length of the cantilever 
may be determined, 

A load arranged as shown in Fig. C25 is equivalent to a con- 
centrated load of 8 cwts. acting in the middle of the length, Le* 
2 ft. from the jx>int of support. The maximum bending moment 
will therefore be 8x2=16 ffc-ewta. 

Fig. 625 is the diagram from which the bending moment at 
any section may be determined. The load is supposed divided 
into 4 equal parts, and the bending moment due to each part 
is drawn to scale on the vertical line AE. The weight of Z 
acts at 3' 6'' from A, and the maximum bending moment due 
to -?=s2x3*5»7 ft.-cwts. Draw AB 7 units long. Similarly,. 
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the maximum bending moment due to r=2 x 2-5=6 ft.-cwts., 
and in represented by BG; maximum bending moment due to 
A'=2x 1*6=3 ft.-cwts., represented by CD ; maximum bending 
moment due to ir~2 x 0*5= 1 ft.-cwt., represented by DJS, The 
maximum bending 
moment due to ttie 
total load is tliorefore J 
7 + 5 + 3 + 1 -=1(5 ft.- ' 

cwts., and is repre- 
sented by A A’. Draw I 
a vertical line through ' 
the centre of each part 
of the load, and com- ' 
plete the triangles 
AuB, BbC, CcD, DdE. 

Draw an even curve 
touching tlio lines Ed^ 

DcjCby ha, This curve 1^ 

is a parabola. The E 

heading mom cut at any Pio, 025. — Cantilever with a dlstributod Load. 

section P is represented 

by the length of the vertical line PQ cutting the parabola at Q. 

The following forniulae avt' used for determining the relative 
bending monionts (and tJioretore the relative strengths required) 
of lieains loaded in various ways. In each case Z/ = the length 
of the beam and ir=the weight of the >oad. 

Maximum Kelative 
Beudiiig Moment Strength. 

Cantilever fixed at one end and loadedl t 

at the other end (Fig. 624), I 

Cantilever fixed at one end and loaded) WJ^ 2 

with a uniformly distributed load, / ^ 

Beam supported at both ends and) WL ^ 

loaded with a central load (Fig. 626), i 4 
Beam .supported at both ends andl 

loaded with a uniformly distributed r 8. 

load JFig. 629), ^ 

Beam fixed at both ends and loaded) T|^ 

with a centi^ load (Fig. 628X / 8 

Beam fixed at both ends and loaded) 
with a uniformly distributed load, / W 
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Figs. 626 to 629 show beams loaded Jn various ways, and serve 
to illustrate the method of determining graphically the bending 
moment at any section of the be%i. 

It will be noticed that the miaximum bending moment of 
a beam supported at each end is in each case in the line of the 
load, and with a central or an evenly distributed load is at 
the middle of the length of the beam. 



Fia, 628. 




Fio. (>2». 


Examples of Tx)adQd Bcfans, with Bending AToinent DlograinH. 


Calculation of the Transverse Strength of Wooden 
Beams. — Other things being equal, the strength of a rectan- 
gular wooden beam is directly proportional to the breadth in 
inches multiplied by the square of the depth in inches, and 
inversely proportional to the length in feet. Of course the 
nature of the material is also an important factor, since 
timber, even of the same kind, varies in strength to a con- 
siderable extent. Each l>eam therefore has what is called a 
natural constant, which must be considered in the calculation 
of its carrying capacity. obtain this constant, it is usual to 
take a bar of similar wood, 1 inch square in section, and long 
enough to allow of its being placed on supports 1 foot apart. 
The constant is the weight of the central load, which is just 
mafScient to break the bar. The constant may be expressed 
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in lbs., cwts., tons, etc., and the carrying capacity will always be 
in the same terms. The following constants (in cwts.) may 
be adopted for the purposes of calculation : oak, ash and pitch 
pine, 5 ; red deal, red pine and beech, 4 ; white deal and yellow 
pine, 3. 

Another important consideration is the ratib which the 
breaking load of a beam beai’s to the “ safe ” load. This 
ratio is called the factor of safety, and its value depends upon 
whether the load is a live— a constantly moving — load, or a dead 
(/.<?., a stationary) load. The factor of safety for a dead load is 
usually taken at 5, which means that the safe load ui)on a beam 
must not exceed one-lifth of the breaking load ; the factor of 
safety for a live load is often taken at 10. 

hdH 

For beams supported at botli ends the formula may 

bo used for the purposes of calculation when : 

ir= breaking weight or maxinunu carrying capacity of a 
centrally loaded beam, expressed in the same terms 
as the constant, 
breadth of the beam in inches, 
depth of the beam in inches, 

/)= length of the beam in feet, 

c— the constant, found by experiment as described above, 
and expressed in terms of lbs. or cwts. 

To illustrate the above formula, take two pieces of the same 
kind of wood say 7 ft. long, G in. w kIo and 2 in. thick. Place 
one of these pieces flat, and the oth«‘r one on edge, I, he distance 
between tlie suf)ports in each case being G ft. As thc^ constant 
is the same in both (say 5 cwts.), the carrying capacity of each 

hd'h 

will be expressed by the formula 

for the flat beam, If — ^ — = 20, 

- , ^ 2x6x6xo 

for the one on edge, bU ; 

and the relative strengths will be as 20 : 60 or as 1:3. 

When it is necessary to find other terms than IK, the equation 
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coneentmted load, Tr= - 


When the ends are fixed the 


The value of W for a dlstxlbiited load is twice that for a 

caiTviiig capacity is increased hy almut one-half. 

For safe central loads the formula ^ is used : F being 

the factor of safety. 

Example X.^Find the muj'imum carryintj rapacity* of a 
centralhf loaded woode'n beam of pitch pine^ XZ ft, long (12 ft, 
between ike supjtJorf.s)y 10 in, mdcy and 6 in, thicky (1) when placed 
0)1 edge ; (2) when placed flat, Aammc a constant of 5 acts. 
Applying the formula 
,,, hd^c . , 6x10x10x5 

0 ““2~» ^ ~ 19 ■ =iJoO cwts. when on edge. 


(2) 


12 

- 10x6x6x5 


12 


= 150 owts. when pj^ced flat. 


Example 2. — XVhot would be the maximum safe load to which 
the beam in Fj\ 1 mag he subjected (1) as a central load ; (2) as a 
unipyrmlg diMrlhuted load? 

F(n innla for safe^^ciitral load using a factor of safety of 5, is 

Safe central loa(l=^^ 

Lr 


6x10x10x5 

12x5 

10x6x6x5 


= 50 cwts, h»r beam on edge, 


12 X 5 


= 30 cwts. for beam placed flat. 


Formula for safe uniformly distributed load, again using 
factor of safety of 5, is 


Safe distributed load = ' 


2hdh 


LF 


or 


2x6x10x10x5 1 , 

s 12x 6 ==^100 cwts. for beam on edge, 

2x10x6x6x5 


12x5 


— =60 cwts. for beam placed flat. 


Example 3. — Find the breadth of a beam of oak resting upon 
supports 18 feet aparty the beam being 12 in. deepy to carry 
safely a uniformly distributed load of 5 tons. Constant 5 cwts. 

Safe distributed load, ; 

. h- 20) X 18 X 5 25 

2flPc ’2x12x12x5 “T* 


*6J inches. 
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Example 4. — A beam of red or y^low deal 20 ft, long 
{between supports), and 10 in, broad has to safely (1) a 

central load, (2) a distributed load of 4 tons. What must be the 
minimum depth of the beam in each case ? {Constant 4 cwts.) 


With a central load d^~ 


WLF 
he " ' 


. ,/tt0x20xr> / — . , 

. . ^ = 'Y — ^ ^ 200 =14*14 inchejs. 


With a diutributed load 
d 


WLF 


20 X r— 

2'x‘I(r>^"^^ inches. 


Example 5 . — Whxt size of beam is required to carry saf'ly a 
central load of 35 cwts. over a 10 ft. span ; the depth and breadth 
of the beam being in the proportion ofl \ b, {Constant 5 exets.) 



i.e. 


7 c 
bd^_ WLF 

7 WLF 
be 




7x35x10x5 
b x 5 


= 490. 


^490=7-88" ---nearly 8" 


b 


5 X 7*88 

4 


.5*0 intbcH. 


The strength of fl itched girders (p. 162) may be calculated by 
considering the wooden beam and iron flitch separatel\'. The 
thickness of the flitch is usually about that of the wooden 
beam. The constant for wrought iron is 25 cwts. 

Deflection. — In arranging beams it is necessary to consider 
not merely the strength of the beam, but also its liability or 
otherwise to be bent out of shape — or deflected — by the load 
placed upon it ; since a beam which is overloaded and bent to a 
large extent has the fibres sti’ained and therefore permanently 
weakened. The resistance which a beam offers to deflection is 
called its It should be noticed that the “strongest^’ 

beam is not necessarily the “ stiffest,” nor the stiffest beam the 
strongest. 
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It is of iinpoHance to be able to deteroiiue the cross 'Sections 
of the strongest and the stifTest beams respectively which can be 
cut from a given log. 



Suppose the log is of circular cross-section. 

(a) To find the cross’^ction of the strongest beam . — Draw a 
diameter AB (Fig. 630) and divide it into 3 equal parts at 1 



Fio. 032. 



Arrangements of Pulleys and Weights. 


and 2. From 1 and 2 draw perpendiculars to AD cutting the 
circumference at G and D respectively. Join ACBJ). Tlie 
rectangle AGED the section required. 

(6) To find the croes-section of the stiffest hemn, — Divide the 
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diameter Ah (Mg. 631) into 4 equal parte at ], 2, 3, and draw 
\C and 3Z) perpendicular to AB^ and cutting the circumference 
in C and D respectively. The rectangle ACBD is the section 
required, ^^2 

Since the strength of a l>oani is proportional to and the 

value of this fraction increases as d increases when hd (Le. 
the sectional area) remains constant, the strongest beam of any 
given sectional area would be that of greatest depth if the ten- 
dency to buckling could be avoided. In the case of floor joists the 
ratio of depth to breadth is often as 3 : 1 or even 4 : 1, and the 
tendency to buckling is overcome by strutting. The strongest 
beam is that which has the depth to the breadth as 7 : 5. 



Flo. 084. — Two-Sheaved ruUoy lUtu'k. Pio. 63"). -Threo-Sheaved TuUcy Block, 

Pill! fly H, — It is necessary to consider one or two simple 
arrangements by which pulleys are used for lioisting purposes. 
In the following examples the friction will for the sake of 
simplicity be neglected, although in practice it must be taken 
into account. Fig. 632 illustrates the simplest application of 
the ])ulley. It is plain that wdien the foi*ces acting on the 
pulley are in equilibrium they are equal, and the only advantage 
gained is in the change of direction of the foi’ce required to 
balance ir. Therefore in this example P= ir. 

In Fig. 633 the force balancing P is the tension of the cord .^1, 
which is equal to that of R The sum of these two equal tensions 

W 

is plainly equal to the weight W. Therefore and the 

mechanical atbufuitage is 2. 

Figs. 634 and 635 are illustrations of a two- and a three- 
sheaved pulley block respectively. By arranging pulleys side 
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by side in this manner, and using a combination of tyro similar 
blocks as in Fig. 636 a mechanical advantage equal to the 
number of pulleys around which ''j^he rope passes is obtained. 
In other words, the power re<iuired is equal to the weight 
raised divided by the number of pulleys 
around which the ioj)e passes. Thus with 
3 pulleys in each block there will be six 
cords, and the power required to Imlanee 
a weight of 18 owts. wall bo 18-^6 — 3 cwts., 
vln^i the force required to overcome friction 
Specific Gravity.— The specific gravity, 
or relative density, of a body is the ratio of 
the weight of that body to the weight of an 
equal volume of water. Thus a block of 
wood weighing 40 lbs. per cubic foot has a 
40 . ♦ 

sj)ecific gravity of — 0*64 (since a cubic 

foot of water weighs 62*5 lbs,). 

AVhen a body floats in water, and is there- 
l^ore ill equilibrium, the weight of the body 
is balanced by an erpial upward reaction, the 
w'eight of the water displaced being equal 
to the total weight of the floating body. 

Exami’LE . — A hloch of wood 9"xJ)'’x9'', 
floats in water vnth its vp^^er surface 2‘5" 
above the surface of the water. Find its 
specific gravity, 

block is submerged. 

Pia. osii.— i»uiioy hiocUh By definition, the specific gravity of the 

.ujd Hope. wood is the ratio of the weight of any 

portion of the block to the weight of an equal volume of water. 
Consider the part of the block below the surface of the water. 

Weight of submerged part of wood 
Specific gravity = % ^ , r o -f-diigra watef 

Weight of subm erge d part o f w ood 
”” Weight of whole block 
Volume of submerged part of wood 
Volume of whole block 




0-72 



QUESTIONS ON CHAPTER XII. 


343 


Questions on Chapter XII. 

1. Two farces of 16 and 63 lbs. act upon a point at right angles to 
each other. Find their rcisultant. 

2. Represent graphically, to a scale of J in. = 1 lb. the resultant 
of two forces of 9 and 13 lbs. i-espectivcly acting at the same point : 

{a) In the same stmight line but in opixjsitc directions. 

{h) In the s^inie straight lino and in the same dkection. 

(c) At right angles to each other. 

(cl) At an angle of 1.3f5® with each other. 

(c) At an angle of 60° with each other. 

3. The spur of a field-gate ahuts in the angle between the front 
jKist and the horizontal top rail, and is inclined at 30° to the 
horizontal. ])<^temiine the stre.ss in the spur caused by a boy 
W'cighing 80 lbs. swinging on the caiter end of thcj gate. 

4. Two posts which meet at an angle are inclined to the 

horizontal at 30° and 60“ respectively, and are in the same vortical 
plane. Determine the stress in each post caused by a load of Iw'o 
tons being suspcTidcd from the point of intersection. ^ 

5. Three equal iioles mcc5b at a point 12 feet high, their lower 
ends being at the angular ix)ints of an equilateral triangle of 8 feet 
aide. Find graphically the stress i>i each pole when a load of 3 tons 
is susjKmded from the joined u})p<‘r ('iids of the poles. 

6. From a point draw six linos so that each line makes an angle 
of 60® with the next. Forces of 5, 6, 7. 8, 9, 10 lbs. respectively 
act from the point of intersection along t}ie lines. Find graphically 
the magnitude an<l direction of the resultant force, 

7. With the data of Q. 6 find the resultant if the directions 
of two of the forces, viz. those of 6 lbs. and 9 lbs., are invorsed. 

8. A king-post roof tru.ss, 20 feet s}»au and 10 fin^t in height, hoe 
a purlin on each side resting on the middle of principal rafters, 
under which are the struts. Th<* load of each purlin is 5 cwts. 
Find, graphically, the strain on each part of the truss. 

9. Explain the “ imrallclograra of forces,” and use it to find the 
strains on a king-post roof priiieiiml 24 ft. span, J pitch, the trusses 
being 6 ft. apart. 

10. Draw line diagrams of tlie rcN)f trusses shown in elevation in 
Figs. 438 and 4|!B. Assuming a oonoeiitrated load of one ton at 
each of the purlms and at the ridge, dmw, for each truss, the stress 
•diagram. 
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11. A mason is trying to move a heavy stone by throwing all his 
weight on the end of an iron bar. He weighs 1 owt. 2 qrs. 7 lb., 
and his bar is 6 ft. 6 in. long, fukrum 1 ft. 6 in. from the end. 
How much force is he exerting upoil the stone ? 

12. A man weighing 175 lbs. has to move a block of stone 
weigliing 11 tons with a lever 7 ft. long. Determine the position of 
the fulcrum in order that the weight of the man may just move the 
stone. 

13. Tlio haiullc of a mortising machine is 2 feet long. How much 
more pressure woulfl you be able to exert, applying the same force, 
if the handle were made 1 foot longer ? 

14. A befim 20 ft. long, supported at hoth ends, is lo«adcd 6 ft. 
from one end with a weight of 15 cwts. Determine the pressure at 
each sup|K)rt, neglecting the weight of the beam. 

15. A beam 16 ft. long is supported at each end, and is loaded at 
a point 4 ft. from one end with a load of 12 tons. Make a skotcli 
showing the weight carried by each supix>rt. 

16. A Ixjam rests iip^m supjiorts 12 feet apart. I^oads of 2, 4, 
and 6 cwts. respectively are iilaeed at 3 ft. distances. Determino 
both graphically and arithmetically the reaction required at each 
end to keep the bes^ih in equilibrium. Neglect the weight of the 
beam. 

17. A pitch pine beam, 12 in. by 8 in., and 17 feet long, rests 
upon Bup|iorts 16 feot apart. Determine the nuixinmiti carrying 
capacity, the load being in the middle of the length, when the beam 
is placed (a) on edge ; (h) laid flat. Also find tlie maximum safe 
distributed load which may he placed on the beam when (a) on 
edge ; (6) laid flat. 

18. An oak beam 12 inches deep spans an opening 20 feet wide. 
With a concentrated load of 9 toms in the middle of the length there 
are signs cjf fracture. Find the approximate V)rcadlh of the beam, 

19. A beam of Memol fir, over an opening 16 feet in the clear, is 
broken in the centre with a Icxid of 90 cwts. Required, the depth 
and breadth of the beam ; the beam being proportionoxl as 5 to 7. 

20. A beam over on opening of 12 foot has a safe distributed load 
of 7 tons. What section should it bo in Mcmcl fir, and what if a 
flitched girder is usecL 

21. A warehouse floor has to carry 3 cwts. to the foot super. 
What size beams would you use if the width is 20 ft, and the beams 
are 10 ft. apart, centre to centre ? If flitch beams were used, what 
would be their size and what the thickness of the flitch ? 

22. A man sitting upon a board suspended from a single moveable 
pulley pulls downwards at one end of a rope, whioh passes under 
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the moveeble pulley and over a paQey fixed to a beam overhead, 
the other end of the rope being fixed to the same beam. What is 
the smallest proportion of his whole weight with which the man 
must pull in order to raise himself ? 

23. Describe a simple arrangement of pulleys by which a man 
pulling with a force of a little over 30 lbs. might lift a body 
weighing 200 lbs. Why is it that with the arrangements proposed 
he must exert a force of more than 50 lbs. ? 

24. How is the specific gravity of any kind of timber ascertained! 

25. What is meant by the density of timber? 

26. How would you ascertain that the density of oak is greater 
than that of fir ? How would you determine the density of either? 



CHAPTER XIII. 


DOORS AND OTHER PANELLED FRAMINO. 

Doors.— Doors may bo either ledgcd^ framed and ledgcd^ or 
framed and panelled. 

Lodged Doors. — Ledgcd doors are only used for out-buildings 
and temporary work. Tlu‘y consist of narrow batteift^ or boards 
securely nailed to cross ledges. Kig. 637 shows thei back elevation 
and vertical section of a typical lodged door. The joints of the 
battens of which a ledged door is constructed may be either 
(i.) Tougued aiid grooved ; 

(ii.) Ploughed and tongued ; 

(iii.) Rebated. 

To relieve* the monotony of the surface, and to hide any slight 
shrinkage that may take place, the edges of the battens may be 
either beaded or V-jointed (Figs. 639 and 640). The outer edges 
of the cross ledges are usually chamfered as shown in Fig. 637. 

Lodged and Braced Doors. — ^The lodged door above described 
has a tendency to droop at the outer edge. To prcviuit this 
drooping, and also to strengthen the door, it is customary to 
insert sloping braces between the ledges (Fig. 638). Each brace 
should slope upwards ironi the hinged edge. A door of this 
description is called a ledged and braced door. 

Framed Doors.— These doors aie formed by constructing 
frames of wood, and fitting between the frames thinner vertical 
narrow battens (in framed and ledged doors), or thin boards 
called panels (in framed and {anellod doors). The object of 
using such fi frame, either for doors, or for any similar panelled 
framing, is to obtain a structure in which the tendency to 
shrinkage, inseparable from the use of wide pieces of timber, is 
to a large extent obviated. 
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Tenos used in describing Framed Doors.— Tbe outer 
vertical members are called styles. During the construction of 


A 



Fig. r.37. Fio. 638. 


the door the styles are loft about throe indies longer than tlie 
finished door is intended to be. The projecting U inches at 


eadi end of the style 
is called a horn. The 
projecting lioins are 



left on the style to Tongiud.grooveilirbeaded battens 


protect its corners 
until the door is finally 
fixed in position, at 




which time the horns Pboughed.hnguedSryijouited battens 

are sawn off. The Fig. g40. 


horizontal cross pieces 
of a framed door are 
known as rails. They 
have distinctive names 



according to theii; posi- 
tions in the doorj e.g, top rail, frieze rail (only used in panelled 
doors), lock rail, and bottom rail. The inclined members of a 
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door — which are only used in framed and ledged doors — are 
called braces. The vei'ti(3al members separating panels ai-e 
known as muxitlnB. 

Joints used in Doors and o%her Panelled Framing.— 
(1) Tlie mortise and tenon Joint is used for connecting the frames 
together, the joints being secured with wedges and either glue 
or stiff paint. The mortises are cut into the styles, wliile 
the tenons are cut on the ends of the rails. The thickness of 
the tenon is from one-fourth to one-third the thickness of the 
framing. If a tenon is made very wide in proportion to its 
thickness, it is liable to buckle w^hen being wedged, and auh- 
aequcntly to become loose if any slight shrinkage should take 
place. A tenon should therefore have a width of not more 
than five times its thickness. Tlic mortise should, moreover, 
be a little wider at its outer edge, and thus allow for the 
insertion of the wedges by which the framing is sccu^d. 

(2) Haunched Tenon. — When part of a tenon is cut off, so as 
to make its wddth less than the width of the rail, it is known as 
a haunched tenon. Such haunching is necessary in the top and 
bottom rails to enaye them to be wedged securely to the style. 
Haunching is also necessary in the lock rails (Figs. 642 and 
643) and bottom rails, so that the proper pioportion of the 
width of the tenon to its thickness may be obtained, as well as 
to enable it to bo wedged firmly. 

(3) Bare-&ced Tenon. — This form of joint has one sido of the 
tenon flush with one face of the rail (Fig. 642). Bare-faced 
tenons are used in the lower rails of a fiamed and ledged door 
(Figs. 644 to 647). 

(4) Stnmp or Stub Tenon. — ^This term is used for short tenons 
such as those which occur, for example, on the end of a muntin. 
Stump tenons in door framing are usually about 2 inches long. 

(5) Double Tenon. — A double tenon consists of two tenons cut 
side by side in the thickness of the rail as shown in Fig. 643. 
In doors not more than 2j inches thick, the double tenon is only 
used for the ends of lock rails, and then only in cases where the 
lock is fixed in the thickness of the door. A lock so fixed into 
the edge of the door is called a mortise lock. For thicker doors, 
double tenons may with advantage be used at all the joints. 

Framed, Ledged and Braced Doors.— Figs. 644 to 647 show 
front and back elevations, together with horizontal and vertical 
sections, of this type of door. The names and dimensions of the 
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FRAMED, LEBGED, AND BRACED DOORS. 

various parts are marked in the illustiations. The styles and 
top rail are of the same thickness ; the lock rail, bottom rail, 



Pw. 642.— Dotails of Jolnta ill Pmnied Fio. 643.— Details of Joints in 

and Lodged. IXiors. ranollod Doors. 

and braces arc of less thickness than the styles, lieing thinner by 
the extent of the thickness of the battens- All the framework 
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is flash on the inner side. In Fig. 646 the framework is shown 
stop-chamfered on the inner face ; such chamfering gives 
the door a lighter appearance, rails and braces may be 

beaded, or moulded, as an alternative to stop-chamfering. The 
joints of the framing of the door under consideration are formed 
as shfiwn in Fig. 642 ; the lock rail and bottom rail are there 



Fkj. 


FiMMed, Lcrl^cd^ and Bnicod Door. 

seen to have bare-facod tenons. The edges of the styles are 
rebated, or grooved, to receive the edges of the battens. The 
edges of the battens may be ; 

(i.) Tongued, gi-ooved, and beaded (Fig. 639) ; 

(ii.) riougbed, tongued, and V- jointed (Fig. 640) ; or they 
may he 

(hi.) Bebiited as .shown in Fig. 641. 

In arranging the braces for such a door, the lower ends may 
be stump-tenoned into the style, but the upper ends should be 
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eat into the rail as shown in Fig. 646. If the upper end of the 
brace fits into the corner as the lower end does, it is liable to 


push off the joint between the rail and 
the stylo. Again, the brace must 
always be arranged to supiK)rt the 
outer edge of the door, the lower end 
being against the hanging-style. 

Framed, 1 edged, and braced doors 
are generally used for workshops, 
warehouses, mills, sfablos, the out- 
buildings of dwelling-houses, €^tc. The 
size and arrangement of the framing 
of the larger doors A’ary considerably, 
and depend upon the position and the 



method of hanging them. In wide Kramerl imd Hraecd l)oi>rs 
doorways, the door is often made in 


halves, hung folding, with a rebated joint between the meeting 


styles. Fig. 648 shows the elevation of a door of this class. 



Flo. Elevutsin oC a Slidintp Door. 


Fig. 650 shows a Jiiigb doorway usually found in warehouses. 
In this doorway two pairs of dooi-s, arranged in two heights 
with rebated joints, arc shown. 
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Fig. 652 shows the elevation of a stable door arranged in two 
heights, with a ventilator constructed in the upper door. The 



Pia- 000.— Framed aud Bniccd 
Doura in two hoiglita. 



Fio. 651,— Sec- 
tion on AB. 



Piti. O'# Klevatiun of a 
Stable Door. 


elevation of a very large door, suitable for the entrance to a 
mill yard, warehouse, or otlier works is shown in Fig. 649. Such 



Fio. 658.— Elovatictn of a pair 
of Church DoorH. 


a door is often framed together so 
that it allows for the insertion of 
a smaller wicket-door as shown in 
the drawing. Tlie doorways of 
Gothic buildings — especially churches 
— almost invariably have framed, 
lodged, and braced doors. Fig. 653 
is the elevation of a door of this 
class. 

When framed, ledged, and braced 
doors are fixed as outside doors, or in 
exposed positions, it is very necessary 
that the upper edges of all rails and 
braces be chamfered (“ weathered ”) 
to throw otf rain water ; and the 
joints, bfith of the framework and at 
the edges of the battens, as well as 
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cbe backs of the rails, should be well painted before the doors 
are put together. 

Panelled Doors. — The framing of panelled doors differs 
froiji that of framed and ledged doors in that the panels— 


Fio. 654. 
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VtiiialSeenon. 

Fio. 650. 


Kid. 

Kicviiticin uiid ScctioiiH of a Kour-iiaiiellcd Door. 




Fio. Panel in Stop 
Moulded Framing. 


yfthich are usually about one-third the thickness of the 
door — fit into grooves in the middle of the framing. In framed 
and ledged door%the fraiuiiig is put together, wedged up, and 
finished befoi-e the battens are nailed on ; whereas in panelled 
work the panels are inserted in the grooves as the framing is 
U.C.J M 
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put together. The grooves also affect the width of the mortises; 
an allowance must therefore be made for the reduced width ol 
the tenons which results from th^jpx>oviDg. 



Flo. 0A9.— Paaollcd Framing Single 
Mouldod.” 


/ 



Fio. 661. — Framing with Dcad-fluali 
Panel 



Fia. CCO.-— Panelled Framing ^'Bolecfcion 
Hrlouldud.” 



Proportions of Panelled Doors.— Since doors vary con- 
siderably in size, arrangement, the number of panels, and the 
method of their treatment, no hard and fast rule can be laid 
down as to the proportions suitable. For an ordinary dwelling- 
house door, however, the dimensions indicated on Figs. 654 
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and 667 nia;f be taken as typical. It is important to notice that 
the height of the centre of the lock rail is usually about 2' 9" 
from the floor ; this height is considered the most suitable for 
a k)ck or other door-fastener. 

Treatment of Framing. — When door framing or other 
panelled work is left square, and the panels are plain, v and one- 
third the thickness of the material of the framing, the method 
of finishing is named square and fiat (Fig. 654). Square and flat 
is, however, improved upon by stop-chamfering (Fig. 657), stuck 
stop moulding (Fig. 658), single 
moulding (Fig. 659) or bolectlon 
moulding (Fig. 660). In the tw’o 
last-named an almost endless 
variety of sections is in use. 

The treatment of the framework 
around the panels on the same 
side of the same door is of course 
similar. In outer doors, the 
thickness of the lower panels is 
frequently made equal to two- 
thirds the thickness of the door. 

In such a case one surface of the 
panel is flush with the surface of 
the framing. Figs. 661 and 
show two methods of treating 
such a panel. In Fig. 661 the 
bead runs round the panel ; this 
treatment is know'ri as head flush. 

If the vertical edges only of the 
panel are beaded, it is named head hutt. When the panel is 
thicker in the middle than at the edges, so that the middle part 
is above the general surface, it is known as a raised or fielded 
panel. Fig. 663 shows an example of a raised panel, llie frame- 
work here shown is solid-moulded, that j'=', the mould is stuck 
on the arris of the framing, whereas in single moulding and 
bolection moulding the iiiouid is “ planted in after the framing 
is, put together. An important difl'erence is necessary in the 
preparation of framing where the mould is to be stuck on the 
framing — as compared with square framing, which afterwards 
has the moulds planted in— because allowance has to be made, 
in the setting out and cutting of the shoulders of the tenons, for 
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the depth of the stuck moulding. Moulds planted in are almost 
invariably mitred at the angles ; but with stuck moulds a better 
plan, wherever possible, is to 8eri1i;f^ the joint. 

ScrlUng consists of cutting the Iboulders of the rails to the 

profile of the mould ; it 
allows slight shrinkage 
to take place without 
visible effect. 

In general, when 
moulds are planted in 
framing, as either single 
or bolectioTi moulds, they 
are bradded, that is, fixed 
by nails (brads) passing 

through the mould into 
Fio. Ct)4.— Motliod of securing tho Mitred ^ • at 

Angles of Moulding. the framing.^ As, how- 

ever, the nail -holes are 
objectionable in superior framing, the moulds, if not stuck on 
the framing, are first mitred together with slip feathers at tho 
angles (Fig. (364), are provided with projecting tongues at 
the outer edges wdiich fit into grooves prepared in the framing. 




Fm. Fio. 066. 


Mothodtt of fixing MouldingB in Panullod Framing. 


Tills arrangement necessitates the moulds being fixed in position 
when the framing is being put together ; it is only used in the 
best class of framing. Figs. 665 and 666 show sections of two 
dififerent ways of fixing moulds without nails. 













m A MANUAL OF CARPEOTRY AND JOINERY. 


Folding Doors. — When doors exceed 3^ ^ in 'width, and are 
hung with hinges, it is often adv^isable to have them “hung 
folding,” that is, to have the doots^in two parts — each a little 
more than half the width of the opening ; the joint where they 
meet is rebated. The meeting styles are usually made a little 
narrower than the hanging styles. Figs. 680 and 687 show 
examples of such folding doors. 

Double Maxgin Doors. — A double margin door (Fig. 673) is 
one which imitates a pair of folding doors but opens as a 
single door. It is made either as a single door having a very 



wide muntin, or as two narrow doors fastened together with 
hardwood fokling wedges, and strengthened by wrought-iroii 
bars, which are fixed into the top and bottom rails. In either 
case it has a bead running down the middle of the door. Such 
a bead is named a double quirked or centre bead. A double 
margin door is often used for improving the appearance of a 
wide low doorway. 

Sash Doors.— Sash doors are those which have the upper 
part prepared for glass panels. The upper portions of the 
styles are generally narrower than the lower parts. Such 
styles are nanied ditniniaMiig or gun-Btock styles. In the upper 
part of the door the fiumework is rebated to receive the glass ; 
while in the lower part it is grooved to receive the wooden 
pinelB. To hold the glass in position, small moulded wooden 
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fillets (are bradded into the rebate in such a manner that 
they can easily be removed when it is necessary to replace 
broken glass. 

Sash doors are in general use as the outer doors of shops ; as 
inside doors wherever it is desirable either to have additional 

li^t or to see from one room 
to an adjacent room ; and as 
vestibule doors. 

A vestibule door is a door 
arranged in the hall or p«assage 
of a dwelling house or public 
building. It may consist of a 
sash door hung to a rebated 
frame, and have a width nearly 
equal to the width of the pass- 
age ; it may have side-framing 
to match the door when the 
width of tlie passage is more 
than the width of the door, as 
illustrated in Fig. 691 ; or, as 
in tlie case of public buildings, 
it may consist of a pair of fold- 
ing or swing doors with fixed 
sidelights and a fanliglit above. 
Tlie design, as well as the treat- 
ment of the framing, of such 
doors varies considerably, and 
is often of an ornamental character. Fig. 697 show's a pair of 
swing doors wdth fixed sidelights and fanlight ; they are suitable 
for the entrance to a school, bank, hotel, or similar building 
having a wide entrance hall. 

An arrangement of vestibule doors, suitable for banks, hotels, 
etc., is shown in plan in Fig. 685. The doors are arranged at 
light angles to each other, and revolve around a vertical axis 
like a turn-stile. Curved side frames, each a little wider than 
a quarter of a circle, are fixed on each side of the doorway. A 
suitable width for the dooi-s is 3' 6". The advantages of such 
an arrangement is that it is noiseless and draughtproof, the 
latter feature being obtained by having an india-mbl>er tongue 
fixed in the outer edge of each door. Tlie doors are so hung 
that alternate dooie can be folded back against the adjacent 



Fkj. — Joinl. between T^ook Bail 
and iStylc of a Sunli Uoor. 
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ones (Fig. 686), and thus give an uninterrupted passage when 
required. 

Other Panelled Framing. — Framework filled in entirely 
with wooden panels, or with wooden psipels in the lower part 
and glass in the upper part, is also requi'hid in the fittings for 
offices, for school partitions, and for screens in churches, business 
premises, etc. The arrangement of the framing is similar to 
that of doors, and the same terms are used to describe the 
various parts, the only difference being the proportions of licight 
and width ; these are, of course, governed by special require- 
ments. The setting-out of panelled framing is dealt w'ith in 
Chap. XVII. 



Superior Doors. — ^In superior work, where the doors and 
surrounding framework are made of ornamental hardwood, it 
is often necessary to construct a door which shall be of one 
kind of wood on one side of the door and an entirely different 
kind on the other side. This would be necessary, for example, 
with a door opening from an entrance hall fitted entirely with 
oak into a room, the fittings of which must all be of walnut 
or mahogany. Such a door may be constructed in two thick- 
nesses, each of the respective kind of wood, and each of a 
thickness equal to one-half of that of the finished door. The 
two parts are then secured together by tapering dovetailed 
keys, and the edges of the door are afterwards veneered to 
hij»tch the side of the door to whicli they correspond. Figs. 701 
to 703 give details of this kind of door. 
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The doors of onpboards, and similar framing, being generally 
smaller, are made thinner and lighter than ordinary doors. 
They are arranged either as single doors or as a pair of doors 
hung folding, according to their width. With this exception 
the construction and treatment of the filming do not materially 
differ from those already described. 

A Jib door is a door arranged in the side of a wall in such a 
manner that it is not readily seen. The surface of such a door 



is flush with the wall surface, and is treated in the same way 
as the wall of the room. Its position can only be detected by 
a careful examination, as only the joints between the edges of 
the door and the wall are visible. 

Door Frames. — ^There are many ways of fixing doors. An 
outer door for a dwelling-honse has generally a solid woodon 
ftame, which £ts into the recess formed in the wall. This 
frame consists of two uprights named Jambs and a cross piece 
or bead into which the jambs are tenoned. As the door 


Elevation 

Fio. 091. 


Vertical Pm. 094.— Enlarged 

Vertical Section. 

Bv.». 092. 



PlCfcOf?. 


Elevation and Scctloni of a Vestibule Door and Frame. 
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almost invariably opens inwards, the frame is rebated on the 
inner side to receive the door (Fig. 690). The door frame may 
either be built in as the brickwork proceeds, or it may be after- 
wards fixed by nailing it to wooden brid^ or slips built into the 
wall ; or the nailing may be to wooded plugs driven into the 
joints. If the doorway is of atone, as in Fig. 695, the frames 
are secured by means of iron holdfasts named spHt-bills, or by 
rag-bolts secured to the stone by lead or brimstone. The lower 
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Elevation Vertical Section 

Pin. 097. Pio. 698. 


fMt 



Pio. 699. 


Details of a pair of Vestibule Doors witli Side-lights. 
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a sepaiate fiame binged to the door frame so that it can 
be opened for ventilation. The outer arris of the door frame 
may be cluunilei]^i& (Fig. 684), beaded (Fig. 695), or moulded 
(Fig. 700). 

Linings. — The door frame is seldom o'! sufficient thickness of 
itself to come flush witli the inside face of the wall, but usually 
requires to be supplemented by lintngB, i.e, by boards about an 
inch thick and wide enough to project beyond the inner surface 
of tlje wall for a distance of three quarters of an inch (the usual 

thickness of the plas- 
ter). The liDing.s are 
tongued on one edge 
to fit into a groove in 
the door frame, and 
are generally splayed, 
that is, fitted at an 
oblique angle, as 
shown in Fig. ^9r>. 
The joint between 
the lining and the 
plaster is covered 
with a- mould, named 
accoiding to its shape 
a band mould or 
single arcbitrave, or 
a double-faced archi- 
trave. The architrave 
is fixed around the 
inside of d«)or and 
window openings to give a finished appearance to the whole. 
Wlien the wall is very thick, forming a deep recess, the linings, 
instead of being plain, wide boards, are framed, panelled, and 
moulded to match the door. Fig. 700 shows a hoi'izontal cross- 
section through one side of a doorway, into which is fitted a 
door-frame with a panelled jamb-lining. 

Inside Door Prames. — Inside dooi-s require frames, the 
width of which is equal to that of the wall plus the thickness 
of the plaster on both sides. They are fixed wooden fillets 
or to plugs, much as outer door frames are fixed. Fig. 696 is a 
sketch of a door frame for a half-brick-thick wall, jii superior 
buildings having thick inside walls, the door frames are 



Fjg. too. — H orizontal Section through one side 
of au Outer Doorway in a thick Wall, showing 
Door Frame olid Panelled Jamb Lining. 
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panelled and moulded to match the door, and are rebated 
generally on both edges (Fig. 704). 

Grounds. — ^The architraves surrounding an opening are 
nailed to the lining, or where possible to the fiame. In the 

^est class of work, 




however, it is usual 
not to fix the door 
frames until the plas- 
tering is finished. 
Rough wooden battens 
or grounds, of thick- 
ness equal to that of 
the plastci', are fixed 
to the walls ai ound all 
door and window open- 
ings. Those serve as 
a guide to the plas- 
terer, and the dbor 
frames and the sui*- 
rounding architraves 
are secured to them. 
When it is not desir- 
able to liave any nail 
holes visible in the 
finished surfaces, the 
door frames and archi- 
traves are fixed by 


The fixing of the 
architraves around 
such a doorway affords 
a good example of fix- 
ing by secret screwing. 

The mitres of the 
architraves are first glued and secured with dovetail keys oi* 
slip feathers. Stout screws are turned into the grounds about 
12 ''a 2 >art, being left so that the head of the screw projects about 
half-an-inch in front of the surface. On the back side of the 
architrave, exactly opposite the aorew heads, small holes — equal 
to the size of the shanks of the screws^are bored ; and ateut 
thm-quarters of an inch below these, larger holee— of size 



Fio. 701.— Sketch of lower part of Panelled Door 
Frame fixed in a 14" Inside Wall. 



HINGKS. 


371 




Architrave 


Fju. 705. 




jcreif 


Hoi* 


equal to the headi of the screws— are bored. Each small bole 
is connected to the large one adjacent to it by a slot, the depth 
of which is slightly greater than the projection of the screws. 
The architrave is fixed by placing it against the wall with the 
larger holes fitting on 
the screws, and then 
carefully driving it 
down 80 that the heads 
of the screws hook 
into the fibres behind 
the slots. By placing 
the screws so that 
they are slightly in- 
clined, the tendency 
is to draw the archi- 
ti’avc closer to the 
wall. Fig. 705 shows 
the explanatory detail. 

The above remarks 
upon door frames, 
linings, etc., apply 
especially to the doors 
of dwelling-houses. Door frames for warehouses, workshops, 
outbuildings, etc., do not as a rule require linings or architraves, 
a small fillet being nailed into the angle between the door 
frame and the wall instead. Vestibule doors are often hung to 
swing both ways, and the door frames have a hollow rebate or 

groove in the middle of the width 
of the frame, to receive the 
rounded edge of the door (Fig. 

Many of the heavier 
kinds of framed and 1 edged doors 
are not provided with wooden 
frames, but ^re hung with bands 
and gudgeons, or arranged to run on jnklleys as described 
below. 

Hinges. — Tee or ctobb garnet hinges (Fig. 706) are used for 
the commoner kinds of ledged doors. They are screwed on the 
surface of the door and frame. 

H and HL hinges (|'igs- 707 and 708) are also hinges, used for 
special purposes, whibh are screwed on the surface. 
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Bntt hinges (Fig. 709) are used for framed doors generally, 
two or three hinges being used for each door, according to its 
size and weight. Usually one-half of the hinge is let into the 
edge of the door, while the other half js let into the frame 
(Fig. 712). When the ams of either the ^oor or the frame is 
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Fifi. 707.— ‘I£-hiiige. Piu. 708.— H-L-biiigo. 
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beaded, it is desirable to have the “ knuckle ” of the hinge ^In 
line with the bead. In this case the hinge is let in, as shown 
in Fig. 711. Butt hinges are of cast iron, wrought iron, steel, 



710. FiQ. 711. Fig. 712. 

^lethodR of Fixing Hinges. 


Rising Butt hinges (Fig. 713) have a helical knuckle joint 
which causes the door to rise upon being opened. Tliey are 
generally used when the floor is irregular, and a door hung 
with ordinary butts would not open without rubbing on the 
floor or carpet. 

Frojeoting butt hinges (Fig. 714) are used when the door 
has to open quite back and to clear an architrave or other 
projection. The method of fixing is shown in Fig. 710, 


hfiuckle 



HINGES. 


373 


Parliament hinges (Fig. 715) are another kind of hinge, a 
little stronger than projecting butts. They are used for the 



Fio. 713 -llislng Butt Hinge. Fig. 714.— Projecting JJutt Hinge. 


same })urpose, and for shutters — fixed in revealed openings — 
which are required to open clear of the reveal. 

Pew or egg-joint hinges (Fig. 716) are a type of projecting 
hinge used, as the name implies, for the pew doors of churches, 



Fjo. 715.— Parliament Hinge. Fin. 716.— Pew or Egg-joint Hinge 


etc. The projection allows the door to fold back clear of any 
projecting moulding. 

Badc-flap‘hinges (Fig^ 717) are somewhat similar to projecting 
butts, but are lighter in make. Whereas butt hinges are generally 
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screwed on the edge of the door or framing, the back-flap hinge 
ie usually screwed on the surface. Boxed window-shutters 
with related joints (Fig. 792), are usually hung together with 
back-flap hinges. These hinges are also used for h ingoing 



together the framing required to fold round an angle. When 
the joint is arranged as in Fig. 793, it is called a rule joint. 

Spring hinges. — Spring hinges are often used when it is 
desirable to have a self-clo^g door. Tlie helical hinge (Fig. 
718) alfords a good example of a spring hinge for screwing on 



Fm. 71».— Spring Hingo. Fio. 720.— Si»riug Hinge. 


the edge of a door. One only of the hinges on each door 
contains a spring, the other being known as a hlank hvn^e» 
Such hinges are single or double according to whether the door 
closes into a rebate or swings both ways. Other types of spring 
binges, especially applicable for vestibule doors which are to 
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•wing both ways, are those which are let into the floor and 
eontain niedianism in the shape of springs which are acted 
upon when the door is opened (Fig. 719). A shoe (Fig. 720; is 
fitted on the bottom corner of the door ; this fits on a pin 
which acts upon the springs in the box. A centre-pin holds 
the upper end of the door in position. 

Ba^ds and gpidgeons. — For the heavier kinds of franaed, 
ledged, and braced doors, stronger hinges are required than 
those above described. These hinges, which are made of 




Fuj. 723. Fm. 724. 



Fi(,. 72;'». 

Typoq of Baud and Gudgooii. 


wrought iron, arc known as bauds and gudgeons or as hook and 
eye hinges. The gudgeon has a projecting pin upon which the 
band swivels. This allows of the door upon which the bands 
are screwed or bolted being easily detached from its swinging 
position. The gudgeons may be so made that they can be 
screwed to the fmme (Fig. 722), although in the heavier 
Kinds of doors the frame is dispensed with, and the gudgeons 
are so shaped that they can be fixed securely by lead or 
brimstone to large gudgeon stones built into the wall. Figs. 
721 and 724 show twp different shapes of gudgeons for stones. 
The bands may be m single straps bolted to one side of the 
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door (Fig. 721), or they may be made to clip the door, in 
which case they will be shaped as shown in Figs. 723 or 725. 
They may be plain, or they may be of an ornanieutal shape 
(Fig. 653). The size of such hinges diflfe^ widely and depends 
upon the size and weight of the door. 

Sliding Doors. — When the door is a very large one, or where 
space will not allow conveniently of a hinged door to open 




radially, the door may be made to slide by means of pulleys 
running upon an iron bar. The pulleys may be place<l either 
at the top or at the bottom of the door. The door may slide 
in a slot constructed in the middle of the thickness of the wall, 
or it may slide on the outside surface, or be arranged to slide 
against the inner face of the wall as is most convenient. Fig. 
649 shows a door fitted with pulleys at the upper end. 

Fastenings. —The fastenings for a door comprise Uramb 
lattihes, Tim latches, bars, bolts, lodm, etc. To enumerate these 
in detail would be beyond the scope of this book, as they vaiy 
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considerably. It should be remembered, however, that careful 
selection of the door-fastenings is necessary to obtain good 
results. Figs. 726 to 733 illustrate different locks, latches, and 
other fastenings with their distinctive names appended. It 
will be noticed that a rim latch differs from a IcK-k in that it 
is self-fastening, and is released by turning 
the knob. A rim lock is a latch and lock 
combined in the same case. The best locks 
are fitted with levers. These levers are kept 
in position by springs, and rcrjuire to be 
raised to different heights to allow the bolt 
to slide. The more levers a lock contains, 
the more difficult it is to open it wdth any 
key which has not been fitted to It. Many 
locks contain pivoted weights instead of levers. 

It has already been mentioned that a mortise lock is so called 
beciause it is fixed into a mortise made in the edge of the door. 
Mortise latches and locks are always used in superior Avork. 



Fig. 73H. - Mortise 
Loi‘k. 


Summary. 

Doors are classed as tedge.d^ Udgad and btxiced, /mined ledyed and 
braced, and panelled. The two la.st-namod consist of frames filled 
in W'ith thinner battens and jianels respectively. 

The mortise and tenon joint is used in the construction of framed 
doors. I’hc tenon is bare -faced, hannrhtd, stump, or double, acconl- 
ing to its position in the door. 

The battens of “framed and lodged " aiul “lodged*’ doors have 
either tonyv^ed and grooved, piouyhed and tonyimd, or rehaiexl joints. 
The edge joints of the battens are Iteaded or V-jointed, 

The frame of a door consists of styles, rails. Indices (in ledged and 
braced doors), and munlins (in jiancllcd doors). 

Panelled framing is finished square and Jlaf, stop-vhamfered, 
single mmdded, holection moulded, hefid Jlush, bead huff, <»r mined 
{fielded). 

Folding doors are used for Aiddc d(K)rways. 

A double nuuglu door is one dour made t<» imitate folding doors. 

Sash doors have the upper panels of glass. 

The joints and general treatment of pan(‘llod doors are also 
applicable to other kinds of panelled framing. 

Door firames. — Outer doors are hung to solid rebated frames fixed 
in reveals in the wall., - T.inings are required when the door frame 
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is not as vide as the recess. Inaidt door frames must be wider, by 
the thickness of the plaster, than the thiokness of the wall. ArcM- 
travta surround the inner sides of outer doorways and both sides of 
inner doorways. Orounda fastened to the wall by wooden plugs are 
necessary for securing wide architraves. 

Hinges. — Tee hinges, hvit hinges, spring hinges, and hemda and 
gudgeons are commonly used for hanging doors. 

Heavy doors are often liung to large gudgeon-stones by means of 
l>ands and gudgeons, or are oonstruoted to slide with pulleys. 
“Wooden frames are then not required. 


Questions on Chapter Xm. 

1. Give the oixlinary dimensions of various kinds of door, •with 
the sizes of the following pirts of a common four-panel door ; 
styles, top rail, middle rail, bottom rail, miintin ; also state the 
proper height of the middle rail to suit the handle or lock. 

2. Draw in isomctrical pf^bjection, quarter full size, the mortise 
and tenon to the bottom rail of a 2-inch door, the parts being 
separated. 

3. Make detailed drawings of the following : 

(1) Framing moulded on the solid, with raised panel. 

(2) Bead and butt panel. 

(3) Bead and flush panel. 

(4) An arrangement for fixing moulding in squared framing 
panelled. No nails or serews are to l)e visible when the 
w'ork is finished. 

4. Make an elevation and sections of a 2-in. framed, braced, and 
battened door, 3 ft. 3 in. by 6 ft. 6 in. ; show all construction by 
dotted lines. Scale in. to the foot. State in what situation 
such a door would be most suitable. 

5. Draw plan and elevation to ^ in. scale of framed, ledged, and 
braced door, in two heights, with fanlight over and solid fir 
wrought, rebated and beaded frame in opening 4 ft. by 9 ft. 

6. Make the elevation of rather more than half of a six-panelled 

door, 7 ft. high and 3 ft. 2 in. wide ; and a vertical section, scale 
I in. to the foot. All the should be fully dimensioned. 
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Make to scale ^ full size a detailed section through the panel and 
moulding. 

7. Make isometric drauings of the joint at the lock-rail of the 
door in the preceding question (6), and also of the joint at tlie 
bottom rail of the door, with double tenons. 

8. Make elevation, horizontal, and vertical sections of a 2 in. 
6 panelled door, 7 ft. high and 3 ft. 5 in. udde, with framed jamb 
linings and raised panels, moulded on the solid, grounds and 
architraves. All construction to be shown in dotted lines. The 
thickness of the wall is 27 in. Describe how you would make and 
fix this door and fittings, presuming all to be first-class work. 

9. Give detail drawings, and describe how you would make and 
fix a set of plain jamb linings, grounds and architraves for an 
internal doorway. Thickness of wall, 14 in. 

10. Draw plan and elevation to 4 in. scale of a pair of 2} in. 
folding doors, each leaf five-panel bolcotion moulded, with raised 
(or fielded) panels. Size of opening 6 ft. by 7 ft. 6 in. 

11. Show the linings and finishings, with details of grounds 
and backings, necessary to the above door (Q. 10) in a 14 in. 
wall. 

12. Make detailed drawing, scale J full size, of the joints of a 
2 in. sasli door, 6 ft. 6 in. high and 3 ft. wide. The styles 
are to bo diminished, and one prepared for a lock. The upper 
portion of the door is to be moulded and rebated for glass. 

13- A d(K»r, such as that referred to in the foregoing question, is 
to be hung in a solid frame 3^ in. ,.y 4^ in. Make a drawing of 
tliis frame and describe liow you would Tiiako it in a shop without 
machinery. 

14. J>aw to a scale of one inch to a foot, plan, section and 
elevation of a pair of 2J in. swing doors, 5 ft. (J in. wide, upper 
part framed for glass, bolection moulded below, and hung to solid 
frame. 

15. Draw rather more than half tlie horizontal section through an 
internal doorway, wall 1 ft. 6 in. thiok. Sliow framed jamb- 
linhigs, grounds and architrave, and the method of fixing same. 
Tlie door to be 2 in. thick, with raised pamds and mouldings. 
Scale 3 in. to 1 ft. 

16. A front doorway to a mansion is 7 ft. 6 in. wide and 9 ft. 
6 in. high. Design a frame and door for this opening. The door 
is required to l)^ double margined w'ith a fanlight over it. Make 
rather more than half elevation, and the necessary sections. AU 
details are to be shown' by dotted lines. 
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17. A Boreen 15 ft. vide and 10 ft. high is required for a public 
oice, It is to be fitted with a door 3 ft. by 6 ft. 9 in., and to be 
made of mahogany, and well finished. Draw as much of the 
elevation as is necessary to show the oonstmction, and give details* 
Describe the process of manufacture in good workshop well 
provided with machinery. 



CHAPTER XIV. 


WINDOWS. 

Size and Position. — The sizen and positions of window 
openings are influenced by the size of the rooms, and the 
purposes for which the building is used. For the sake of 
ventilation, and also to secure good lighting, the windows 
should be placed at as great a height as the construction of the 
room will allow. In dwelling-houses the height of the sill is 
usually about 2' 6" above the inside floor level. 

Construction.— The framework holding the glass of the 
window may be fixed or movable. It must be so prepared that 
the glass can be replaced easily when necessary. In ware- 
houses, workshops, and similar buildings, the fi'ames holding 
the glass are often fixed as fast sheets (Fig. 734). As however, 
this arrangement affords no means of ventilation, it is more 
usual to have the glass fixed in lighter frames called sashes. If 
the sashes are hung to solid rebated frames, and open as doors 
do, the windows are called casement sashes. If they slide 
vertically and are balanced hy weights or by each other, the 
window is a sash and frame window. Other methods of arrang- 
ing sashes, either liinged, pivoted, or made to slide past each 
other, are described in detail later. 

Sashes. — The terms used for the various parts of sashes and 
fast sheets are somewhat similar to those eiQpk>yed in describing 
door's. Thus, the styles are the outer uprights, and the rails 
are the main horizontal cross-pieces : top rails^ meeting raits^ 
and bottom rails being distinguished. Any intermediate 
members, whether vertical or horizontal, are named hars. 

Sashes are from lj^..to 3 inches thick. The inner edge of the 
outer face is relMited t6 receive the glass. The inner face is left 
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either square, chamfered, or moulded ; two common forms of 
moulding are lamVs-tongue (Fig. 736) and ovolo (Fig, 737), 



Fia. 734. 


Tlie size of the rebate is indicated in Pig, 735 ; it varies with 
the thickness of the sash, its depth being always a little more 



Pro. 735. 




Pio. 73ti. Fio. 737. 

.Alternative Sections of Sash I’Yainiiig'. 



Pro. 738. 


than one-third this thickness. The width of the rebate varies 
from a quarter of an inch to half an inch, and the mould is 
usually sunk the same depth as the reliate. This last fact is of 
some importance, as it affects the shoulder lines ; and with 


WINDOWS. 


hand work it infiuencea the amount of labour in the making of 
the Bashes. 


Ab little material as possible is used in the sashes^ in order 
that the light shall not be interfered with. In general, the 
styles and top rail ai^e square in section before being rebated 


and moulded. In casement sashes, 
however, it is often advisable to 
have the outer styles a little wider 
than the thickness, especially when 
they are tongiud into the fiume. 
The width of the bottom rail is 
from one and a half to twice the 
thickness of the sash. Sash bars, 
which require reb«ating and mould- 
ing on both sides, should be as 
narrow as possible, in order not to 
interrupt the light. They arc 
usually from five-(3ighths of an inch 
to one and a (quarter inches wide. 

Joints of Sashes. — The sashes are 
framed together by means of the 
mortise and tenon joint (Fig. 739). 
The remarks made on p. 348 respect- 
ing the proportions of tlie thickness 
and width of tenons, haunched 
tenons, etc., are to a large extent 
applicable here also. Hardwood 
cross-tongues ai'e sometimes inserted 
to strengthen the joints (Fig. 302), 
while thick sashes should have 
doable tenons (Fig. 782). The best 
joint for connecting sash bars is 
shown in Fig. 740 ; this method is 
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known as halving. An alternative 


to halving in sash bars is to arrange that the bar which is 
subjected to the greater stress — as for example, the vertical 
bars in sliding sashes, and the liorizontal bars in hinged 
casement sashes— shall be continuous ; this continuous bar is 


mortised to rec^ve the other, which is scribed, cut to fit 


the first, and on which the short tenons are left. This method 
Is oalled franUng the dMi boxs, and is illustrated in Fig. 74L 
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Casement Windows. — Casement windows may be binged in 
sucb a manner that they open either inwards or outwards. 
They may consist either of one sash, or of folding sashes, and 
are hung with l>utt hinges to solid^ rebated frames. These 
frames consist of jambs, head, and sill. The head and sill ** run 
through,” and are mortised near the ends to receive tenons 
formed on the ends of the jambs. The upper surface of the 
sill is weathered to throw off rain water. Casement windows 
which reach to the floor are usually called French casements. 
Their sashes require an extra depth of bottom lail. 

Casement Sashes opening Inwards.— Figs. 742 to 745 show 
the elevation and vertical and horizontal sections, of a 
window opening in a 14" brick wall fitted with a easement 



window having folding sashes to open inwards. In this cla.ss 
of window the frame is rebated for the sashes on the inner side. 
Each sash has, on the outer edge of the outer style, a semi- 
circular tongue, which fits into a corresponding groove in the 
jamb of the frame. This tongue renders the vertical joint 
between the sash and frame more likely to be weather proof ; 
it is to provide for the tongue that the extra width of style 
already referred to is necessary. The tongue, however, is 
often omitted, as in Fig. 746. It will be seen readily that, 
if the sash were in one width, it would be impossible to 
have a tongue on more than one edge of it. With casement 
sashes opening inwards, the greatest difficulty is found, 
however, in making a watei’-tight joint between the bottom 
rail of the sash and the sill of the frame. Figs. 746 and 
747 show two methods by which this may be accomplished. 
An essential feature of all these sashes is a small groove dr 
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Fio. 742. 


Fio. 74'J. 




Enbrged Verhcal 
Sech'on . 


Fio. 744. 



Fic. 746. 


Dotallft of a Casomeiit Window with Sashes oponitig inwards. 
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tliroatiiiff on the under edge of the bottom rail ; this 
prevents the water from getting through. The groove in the 
rebate of the sill (Fig. 747) is provided to collect any water 
that may drive through the joint. Tl^is water escapes through 
the hole bored in the centre of the 8ill/< 

When casement sashes are hung after the manner of folding 
doors, the vertical joint between the meeting styles is rebated. 
Alternative methods of rebating are shown in Figs. 748 and 749. 
Fig. 749 is known as a hook joint and is the better one. 

Casement Sashes opening Outwards.— These are more 
easily made weather proof than inward-opening sashes. The 
chief objections to their adoption are that they are not easily 
accessible for cleaning the outside, especially in upjjer rooms, 
and that they are also liable, when left open, to be damaged by 
high winds and to let in the rain during a storm. Fig. 750 is a 
sketch of one corner of such a window. It will be noticed that 
these frames, like door frames, have the exposed arrises moulded 
in various ways, and that the sashes may either be hun^ flush 
with one face of the frame, as in Figs. 745 and 746, or fit 
in the tliickness of the frame (Figs. 747 and 750). The sill in 
Fig. 749 is shown to double sunk, i.e, to have the upper 
surface — upon which the bottom rail of the sash fits — rebated 
with two slopes (weatherings). 

Other Hinged Sashes. — Various different methods of 
arranging — in solid rebated frames — sashes which can be opened 
for purposes of ventilation, etc., though they may be in positions 
difficult of access, are shown in Figs. 751 to 754. Fig. 751 is the 
elevation of a window, the lower sash of which is fixed in the 
frame, the upper sash being hinged on the bottom rail to open 
inwards. The bottom rail is I’ebated to fit tlie transom (the 
intermediate horizontal member of the window frame) ; tlie 
upper side of the transom is weathered and double sunk, as 
shown in enlarged section (Fig. 762). Such an arrangement is 
also applicable to a fanlight over a door, where the sash may 
be made conveniently to fit into the rebate of the door-frame. 
Fig. 754 is a section through a similar window with the sash 
hung on the top rail. A sash so hung must of necessity open 
outwards, to keep out the rain, eta 

Piyotedor Swing Sa4SlL — Another method of arranging the 
sash is shown in section in Fig. 753. Here the sash swings on 
iron pins or pivots (Fig. 797). The pivots are placed a little 





388 A MANUAL OF CARPENTRY AND JOINERY. 


above the middle of the sash, so that the lower part (which 
always swings outwaixls) is heavier than the upper. This 
facilitates the closing of the window. The rebate on the lower 
part of the frame must of necessity bejnside, and the rebate of 
the upper part must be outside. 1% secure uniformity of 



Fio. 751.— Elovatioii of Window 
with Upper Sash to open. 



VppersdSfvhinged Sashio swing art 

toopen/fnmuvis. ^ots orSashcenOtSt 


Fio. 752. 


Fig. 753. 


Alternative Sections through Upper Sasli of Fig. 751. 


appearance, a bead is run round the sash along both styles and 
top rail, and on each side of the sash. It is therefore necessary 
to have the lower part of the outside bead, and the upper paH 
of the inside bead,yt.wfrf to ike sash. These points will be clear 
from a careful inspection of Fig. 753. Occasionally the styles of 
the sash and the jambs of the frame are rebated “ out of the 
solid.” This, however, involves increased labour, and is seldom 
done. 




SASH AND FRAME WINDOWS. 


Sasihes Slidilig Horizontally. —It is often necessary to have 
two sashes fitted into a solid frame so that one or l)oth of the 
sashes may slide horizontally. The sashes are constructed in 
the ordintiry way, and are often provided with metal shoes or 
pulleys at the bottom cornel's, to enable them to slide smoothly. 
Figs. 755 to 757 are the elevation and two sections of this type 
of window arranged for both the sashes to slide. If onjy one 
sash slides, and the other sash is fixed, the 
window is sometimes called a Torkshire 
light. Such windows are often used as 
basement windows. The glass doors of 
show-cases in shops are commonly con- 
structed to slide in this manner. 

Sash and Frame Window.— In this 
class of window, which is by far the nmst 
common, because it is easily made weather- 
proof, there are two Bashes, which slide 
past each other in vortical grooves, and 
are usually balanced by inui or leaden 
weights. As will be soon from Fig. 760 
the frames form eases or boxes in which 
the weights are suspended. 'I'hey aie 
hence called cased frames. Pulley styles 
(Fig. 765) take the place of the solid 
rebated jambs of ciiHcment windov s. Tlie 
pulley styles, outside and inside lining^s, 
and back lining (Fig. 760) together form 
a box which is subdivided by a vertical 
parting slip suspended as shown in Fig. 

760. In super i<ir window frames of this 
kind, the ])ulley styles and linings are 
tohgned and grooved together as showui 
in Fig. 761. In coimiioncr work the tongues and grooves 
are often oinitterl. The frame miiat be so constructed that the 
sashes can be removed easily for the purpose of replacing 
broken sash-lines. To enable this to be done, the edge of the 
inside lining is either made flush with the face of the pulley 
style XFig. 761), or it is rebated slightly as shown in Fig. 774. 
The edge of the outside lining projects for a distance of about 
three-quarters of ap inch beyond the face of the pulley style, 
to form a rebate ag/Einst which the outer (upper) sash slides. 
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The outer sash is kept in position by the paxtinff lath (Fig. 760) 
which fits into a groove in the pulley style. The groove for 
the inner (lower) sash is formed by the parting lath and a staff 
bead or stop bead which is secured by^ screws. The staff bead 
on the sill is often made from two three inches deep, to 
allow the lower sash to be raised sufficiently for ventilation 


Fio. 755. 



Details of a Window with Sashes sliding horizontally. 

at the meeting rails without causing a draught at the bottom 
(Fig. 791). 

A vertical section through the head of the frame is similar 
to a horizontal section across the pulley style, except that the 
back lining and parting slip are of course absent (Fig. 759). 

The sill of the frame is solid and weathered, and should 
always be of hardwood, preferably oak or teak. The sill 
has a width equal to the full thickness of the frame. When 
the weathering has two steppings, it is known as a double 




OutsidA lininff 
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9 niik iQL An alternative to the plan of having the vridth of the 
sill the full thickness of the frame, is to arrange it so that the 
outside edge is flush v^ith the outside face of the bottom sashf 
as shown in Fig. 762. With a sill arranged in this manner, and 
double sunk, there is less danger of w^r driving through the 
joint between the sash and the sill than with a sill the full 
thickness of the frame. In order to render watertight the 
joint between the wooden and stone sills of window frames, a 
metal tongue is often fixed into corresponding grooves cut into 
the under side of tlie wooden sill and the upper surface of the 

stone sill. A rebated joint 
between the two sills serves 
the same purpose as the 
metal tongue. 

Fig. 765 show^s the 
methods of fixing the pulley 
style into the head and sill 
respectively, when theVidth 
of the sill is e(]iial to the 
full thickness of the frame. 
The pulleys on which the 
sash lines run — sash or axle 
pulleys (Fig. 800)--are fixed 
in mortises near the upper 
ends of the pulley styles. 
It is also necessary to have 
a removable piece in the 
lower part of each pulley 
style, to allow of access to the weights. This piece is named 
the pocket piece. It may be cut as shown in Fig. 764 ; its 
position is then beliind the lower siish, and it is hidden from 
view when the window is closed. Or, the pocket piece may be 
in the middle of the pulley style as shown in Fig.- 763 ; the 
vertical joints between the pocket piece and the pulley style are 
then V-shaped to prevent damage to the paint in case of 
i*emoval. 

Sashes. — The only difference between the joints of sliding 
sashes and those of the casement sashes already described is in 
the construction of the meeting rails. Each of the meeting lails 
is made thicker than the sash to the extent of the thickness of 
the parting lath ; otherwise there would be a space between them 



Fin. 702.->Soction through the lower p5ii*t 
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equal to the thickness of the parting lath. The joint between 
them may be rebated (Fig. 759) or splayed (Fig. 758). The 
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Details of Joints of Sashes. 

angle joints between the ends of the sash styles and the meeting 
rails are often dovetailed as shown in Fig. 768. They are, 
however, stronger if the styles are made a little longer, the 



SASH AND FRAMjfl WINDOWS. 


projecting part being moulded, and mortise and tenon joints 
used as shown in Figs. 767 and 769. The projecting ends of the 
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Blevation aud Sections of a Sasli and ^Vanio Window, fixed in a 14 in. 
Brick Wall. 

styles are called Joggles ; they assist in enabling the sashes, 
especially in wide wludoivs, to slide more freely. When, as is 
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usually the case, both sashes slide and are balanced by weights, 
the window is known as a double-liixiig sash and frame window. 
If one sash only slides, and the other is fixed in the frame, the 
window is slngle-liuiig. Figs. 770 to 772 show the details of a 
sash and frame window fixed in a ont^and-a-half-brick-thick 
wall and having a stone head and sill. 

For the sake of appearance, or when it is required to have 
wider windows than can be arranged with one pair of sashes, 
two or three pairs of sashes are often constructed side by side 
in the same frame. When three pairs of sashes are used, it is 
usual to have tlie middle pair widei* than the others ; such a 
combination (Fig. 773) is named a Venetlau window. Tho vertical 
divisions between adjacent jiairs of sashes are called muUions. 
These mullions may be constructed in several different ways. 
If the middle pair of siishes only is lociuircd to slide, the 
mullions may be solid, from 1 j" to 2" thick, and the sash-cord 
conducted by means of additional pulleys to the boxes, which 
are at the outer edges of the frame. Figs. 775 and 777 show 4h is 
arrangement. If it is desirable to have all the sashes to slide, 
the mullions must be hollow to jirovide room iov the weights. 
Figs. 776 and 778 show details of a mullion with provision made 
for one weight to balance Jlie two sashes adja(!ent to it. With 
this arrangement the sash-cord passes round a pulley fixed into 
the upper end of the weight. If stone mullions aic used in the 
window opening, separate boxings may be made so that each 
pair of sashes is hung independeuUy as shown in Fig. 774, 
and the w'indow bccoincs, as it were, two or three — as the case 
may be — sepirate wn'ndow frames, with the sill and head each 
in one length for the sake of strength. 

Hospital Lights. — A type of window specially suitable for 
hospitals, and also much used in schools and other buildings, is 
shown in Fig. 779. It consists of a sash and fiame window’ in 
the lower part, with, in the upper, a hinged sash hung on t)»e 
bottom rail to open inwards. By opening this upper sash, 
ventilation without draught is obtained at the highest part of 
the window. 

The Hanging of Vertical Sliding Saahes.— As show’u in 
numerous illustrations already given, the swishes of sash and 
frame windows are balanced by cast-iron or leaden weights. 
The best hempen cord is employed for hanging sashes of 
ordinary size, while for very heavy sashes the sash lines are 
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often of steel or copper. The staff bead and parting lath having 
been removed, the cords are passed over the axle pulleys (which 
are best of brass to prevent corrosion) and are tied to the upper 
ends of the weights. The weights are passed through the 
pocket holes and suspended in the bol^s. The pocket pieces 
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Elevation and Sections of a Window with Vertio-al Sliding Sashes in 
the lower jMirt, and Uinged Sasli above. 


having been replaced, the upper sash, which slides in the outer 
groove, is hung firat, the free ends of the cords being either 
nailed into grooves in the outer edges of the sash (Fig. 783) or 
secured by knotting the ends after passing them through holes 
bored into the styles of the sash (Fig. 782). The upper sash 
having been hung, the parting laths are fixed into the grooves 
in the pulley styles, and the lower (inner) 4ash is hung in a 
similar manner, after which the staff bead^ are screwed in 
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position. Care should be taken to have the cords of the right 
lengths : if the cords for the upper sash are too long the weights 
will touch the bottom of the frame, and cease to balance the 
weight of the sash before the latter is closed. If the cords for 
the lower sash are too short, the weights will come in contact 
with the axle pulleys, and thus prevent it from closing. Several 
different devices for hanging sashes — the objects of which are 
either to render unnecessary the use of weights or to facilitate 
the cleaning of the outside of the window — have been patented, 



Mctliodu of fixing ShhIi Cords in Voriically Sliding Sasbos. 

and are in more or less general use. A detailed descnption of 
these is, however, beyond the scope of this book. 

Bay Windows. — A bay W'iudow is one that piojects beyond 
the face of the wall. Hie side lights may be either splayed or 
at right angles to the front. The window openings may be 
formed by having stone or brick mullions or piers at the 
angles, against wliich the window frames are fixed, or the 
wooden framework of the window may be complete in itself. 
When the latter is the case, it is usual to have stone or brick 
work to the sill level, as shown in Fig. 784. Bay windows 
naturally lend themfolves to decorative treatment. With the 
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addition of masonry or brickwork they often assume a massive 
and bold appearance. When constructed of wood the frame- 
work is surmounted usually by a wooden cornice, and the 
wooden ro^f is covered with load, slates or tiles. The window 
frames may be arranged as fixed lights, sash and fiame, or 
casements. The most usual arrangement is to have the lower 
lights fixed, and the upper ones as saslies hinged to open for 
ventilating purposes. Figs. 784 to 78G show the details of 
a bay window with splayed side lights, the upper side lights 
being hinged on the transom to open inwards. 

Windows with Curved Heads. — Wlien a window opening 
is surmounted by an arch, the top of the window frame requires 
to be of the same curvature as the under side (sofiit) of the 
arch. In the case of fixed 
sashes, or of solid frames 
with casement sashes, the 
head of the frame is “ cut 
out of the solid.” A head 
w'hich, owing to the size 
of the curve, cannot 
easily be obtained in one 
piece, is built up of seg- 
ments, the joints being 
radial to the tturve, and 
secured by bal’d wood 
keys. As an alternative method, the head may be built up 
of two thicknesses — with overlapping joints — and secured 
together by sci’ews. 

A sash and frame window in such an opening may have only 
the outside lining cut to the curve of the arch, the inner side 
of the frame being left square. The upper sash will tlien require 
a top rail with a straight upper edge and a curved lower edge, 
as shown in Fig. 787. 

When the head of the frame has to be curved, it may 

(1) be built up of two thicknesses with overlapping joints, 
and secured by sci-ews ; it may 

(2) be formed of three thicknesses of thin material, bent 
upon a block of the correct radius, and well glued and screwed 
together ; or 

(3) the head may be of the same thickness as the pulley 
styles, with trenchm cut qut of the back (upper) side, leaving 



Fki. 787.— Elevation of upnor part of a Window 
liaving Curved Head. 
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only a veneer on the face-side under the trenches. Wooden 
keys are glued and driven into the trenches after the head has 
been bent upon a block to the required shape. 

A strip of stout canvas glued over the upper will 
strengthen the whole materially. outside and inside 

linings are in such a case cut to the required curvature, and 
when nailed in position hold the head in shape. The end 
joints of the linings may have haidwood cross-tongues. 

Shop Windows. — The main object in view in the c<5nstruc- 
tion of shop windows is to admit the maxinium of light, 
and to give opportunity for an effective display of the goods. 
The glass is in large sheets, and therefore is specially thick to 
secure the necessary strength. Shop windows are usually 
arranged Jis fast sheets, with provision for ventilation at the 
top. The glass is held in position by wooden fillets, and is fixed 
from the inner side. The chief constructional variations are 
found in the pilasters, cornice, provision for sign-board, sun- 
blind, and the arrangement of the side windows. Figs. to 
790 show the details of a typical example. 

The Fixing of Window Frames. — Window frames may 
be built into the wall — which has usually a recessed opening 
to receive them — as the Ifrickwork proceeds, ojr they nuiy be 
fixed later. In the former case, the ends of the sill and head 
project and form horns, which are built into the brickwork and 
help to secure the .frame. Wooden bricks or slips may also be 
built into the wall, the frames being nailed to ihciu. 

In the latter case, the fi'ames are secured by wooden wedges, 
which are driven tightly between the frame and the wall. 
These wedges should be inserted only at the ends of the head 
and sill and directly above the jambs ; otherwise the frame 
might be so strained as to interfere with the sliding of the 
sashes. Window frames as well as door frames should be 
bedded against a layer of hair-mortar placed in the recess. 

Linings. — When window frames are not of sufficient thick- 
ness to come flush with the inner face of the wall, the plaster 
may be returned round the brickwork and finished against the 
frame, or a narrow fillet of wood may lie scribed to the wall and 
nailed to the frame as shown in Fig. 7f>6. In dwelling-houses, 
however, the more usual way is to fix linings similar to those 
used for outer door frames (p. 368). The width of the linings 
depends upon the thickness of the wall ; they should project 
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Elevation and Sections of a Shop Window. 






404 A MANUAL OF pABPENTRY AND JOINERY, 

beyond the inner face of the wall for a distance equal to the 
thickness of the plaster, and are usually splayed so that they 
will not interfere with the admission of light. The inside of 
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window arid door openings usually are finished sirnilai'ly ; thus, 
the ardiitraTe, or banit moulding, which is secured to the edge of 
linings and to rough wooden grounds, is fixed along the 
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Aides and top in both cases. The bottom of the window opening 
is finished with a window board which is tongiied into the siU 
of the frame. The board is about inches thick, and is 
made wide enough to project beyond the surface of the phister 
for a distance of about 18 inches. The projecting edge is nosed 
(rounded) or moulded. It is longer than the opening, to allow 
the lower ends of the architrave to rest upon it. 

When the walls are thick, the linings are often frahied and 
panelled. Such linings may terminate on a wdndow board at 
the sill level, or the inner aide of the wall may be recessed 



Fio. 792.~IIorizoiital Section through one side of a Sash and Frame 
Window, allowing Box Shutters. 


below the sill level and the linings carried to the floor a.s shown 
in Fig. 791. 

Window Shutters. — Although not used to the same extent 
as formerly, wooden window shutters are fitted occasionally to 
close up the window opening. Window shutters, which are 
arranged generally on the inner side of the window, may be 
hinged as box shutters, or may be vertically sliding shutters. 

Box shutters consist of a number of leaves or narrow* frames 
which are rebated and hinged together, an equal number being 
on each side of the window*^ opening, the outer ones on each 
side being hung to the window frame. WTien closed they 
together fill the width of the window-spice, and when open 
they fold behind W7h other so that the front one forms the 
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jamb lining of the window frame. If the walls are thick, the 
shutters can be arranged to fold in the thickness of the wall ; 
if the wall is a thin one it is necessary to construct projecting 
boxes into which the shutters fold. The nature of the framing 
of the shutters depends upon the surrounding work ; it is usual 
to have the outer surface framed and moulded, and the inside 
finished bead-flush. The arrangement of box shutters requires 
that the shutters on the same side shall vary in width so that 
they will fold into the boxes on each side of the window, the 
outermost shutter (which is the widest) then acting as the win- 
dow lining. Fig. 792 shows a horizontal section through one side 
of a window, allowing hinged shutters folding so that a splayed 



Fjo. 793.— Horizontal Section through part of a Sash and Frame 
Window, Hhowini^ Hiiidrod Shutters. 


lining is obtained. Fig. 793 shows hinged shutters consisting 
of one narrow and one wide shutter on each side of the opening. 
This arrangement is suitable for a thin wall, where it is 
undesirable to have boxes for the shutters projecting beyond 
the face of the wall. For hanging window shutters it is usual 
to use back-flap hinges (Fig. 717) ; the joint at the comer of 
the shutters in Fig. 793 is named a rule joint. 

Sliding shutters, working in vortical grooves and balanced by 
weights, are sometimes used. They require that the wall under 
the window sill shall be recessed ; the floor also often needs 
trimming to allow space for them to slide sufficiently low. 
To hide the grooves in which the shutters slide, thin vertical 
flaps are hung to the window frame, and the window board 
18 also hinged at the front edge to allow the shutters to slide 
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Flo. 794.— Vcrticnl CnMvlEfodiloii through 
A SAsh and Frame Window, showing Verti- 
cally Sliding Sashes. 


below the sill. Figs. 794 and 
795 are sections of vertical 
sliding shutters. 

Window Fittings and 
Fasteners. — For casement 
and hinged sashes, butt hinges 
are used. These should be 
strong enough for the pur- 
pose, preferably of brass, 
and they should, whenever 
possible, have one wing of 
the hinge let into the frame, 
and the other one into the 
sash. There ai’e many types 
of metal water bar suitable 
for use for the joint between 
the bottom rail and sill of 
casement windows, and these 
materially, assist in making 
the joint waterproof. Hinged 
casement sashes may, when 
closed, be fastened by tower 
bolts (Fig. 731), flUBh bolts 
(Fig. 732), or casement fEUh* 
tenein (Fig. 779). . Many 
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special casement-fasteners are obtainable, among which one 
of the most serviceable is an Espagnolette It consists 

of two long bars or bolts, which are so arranged that by 
turning a handle to which they are , connected, both bolts 
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Types of Window Fastener. 


are shot forward at the same time, and fasten the window 
effectively at both top and bottom. Casement sashes are held 
in any required position when open, by using a oasement stay 
(Fig. 796), one part of which is screwed to the sash and the 
other part to frame. Iron quadrants are used generally 
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lor I'egulating'the opening of fanlights, t,e, sashes that are 
hung as shown in Figs. 752 and 754. Fig. 797 shows the 
ptTotB or Basil centres used for pivoted sashes. The opening 
and closing of such sashes is ejected either by a quadrant, 
or by means of cords passing over pulleys. Vertical sliding 
sashes are secured by a sash fastener screwed on the 
meeting rails. Figs. 802 and 803 show two kinds of sash 
fastener. The lower sash of such a window should always be 
provided with sash lifts (Fig. 804) for raising and lowering. 


Summary. 

Windows may bo either fixed or made to open. Those which 
open consist of a frame and inovahle sashes, which are rebated to 
hold the glass. 

In casement windows the sashes open like doors. They may 
open inwards or outwards. I'lie frame is solid and rebated. 

In sash and frame windows the sashes slide vertically alongside 
each other, and are balanced by weights. The upper sash always 
slides in the outer groove. The frame consists of several X)art8 
which together form on each side a box or ease in whioh the weights 
ait! suspended. 

Sashes hinged on the bottom rail to open inwards, and sashes 
swinging on pivots, are sometimes used, especially in positions not 
easily accessible. 

Sashes arc framiKl together with mortise and tenon joints. 

Linings and architraves are required with thick walls, to obtain 
a finished internal appearance. 

Bay windows project beyond the face of the wall; they may 
bo arranged as fast sheets, as casements to open, or with vertical 
sliding sashes. 

Window shutters may either consist of a numlier of leaves hinged 
together and folding into boxes at each side of the window (box 
shutters), or two shutters may slide vertically past each other and 
be halanoed by weights. 


Questions on Chapter XIV. 

1. Draw full-size section through the sill of a casement window 
opening inwaidii. 

2. Draw seotions through the sill, head, and the styles of a 
casement window to outwards. Scale i full size. 



410 A MANUAL OF CARPENTRY AND JOINERY. 


3. Make one half horizontal and a vertical section through a 
window frame 7 ft. 4 in. high and 4 ft. 3 in. wide, fitted with 
a pair of French casements to open inwards. Scale 2 in. to the 
foot ; give details to a larger scale. 

4. Draw to a scale of one inch to a foo^ plan and section of an 
ordinary French casement window to open inwards. Show the 
linings for a 14 in. wall, and give full-size sections of devices for 
excluding the weather. 

5. Draw plan and section t.o scale in. to a foot of a thrcc-liglit 
casement with solid frame and mullions. Size of opening 5 ft. 6 in. 
hy 3 ft. Give section through sill 4 full size 

6. Make vortical and horizontid sections of a solid window frame 
with a 2 in. sash hung on pivots, and show how the beads are cut. 
The size of the window opening is 4 ft. high and 2 ft. 9 in. wide. 
Scale 2 in. to the foot. 

7. Draw a section, ono-quartcr full size, through the otik sill and 
lower portion of a 2 in. double hung sasli, showing the method you 
■would adopt to prevent the arlinissioii of water ; also similar sections 
through a transom with opening fanlight, and the? lower portion of 
a French casomont to open inwards in an exposed position. 

8. Draw out, full size, a horizontal section through one of the 
jambs of a window in a brick reveal, having the usual cased frame 
and 2 in. deal ovolo stishes./ Draw also a verticjal Aectiou through 
the same sashes at tlie meeting rail. 

9. Draw half horizontal and vertical sections (scale 2 in. to 1 ft.) 
of 2 in. double-hung sashes with cased frame, opening 3 ft. by 5 ft., 
adapted to exposed positions. 

10. Draw J full-size sections through head, sill, jamb, and 
meeting rails of an ordinary double-hung sash window in a 14 inch 
wall. 

11. Make half elevation, plan, and vertical section of a piir of 
2 in. double-hung sashes and cased frame with semicjireular head ; 
width of opening 4 ft. ; height to “springing line” 5 ft. Give 
details to show the l>f'.8t method of constructing the head of the 
frame. Scale IJ in. to 1 foot. 

12. Make rather more than half elevation, vertical and horizontal 
sections of a lx)xed Venetian window-frame, 6 ft. 6 in. wide and 

ft. higli. 

13. Draw plan, elevation and section of a dc»ublo-lx)xed Venetian 
■window of throe lights, to occupy an opening in a wall two bricks 
thick ; opening to he 10 ft. wide by 7 ft. 6 in. high in the clear. 
Scale for the general drawings, } in. to a foot ; details not less than 
I full size. 
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14. Draw plan and section to scale of i in. to a foot of a shop 
front, showing arrangement for giving light to basement. Frontage 
l8 ft. ; height from floor to ceiling, 13 ft 

15. Draw, in plan, elevation and section, an ordinary shop front, 
to occupy 16 ft. There is to he a ligiit to the basement under the 
shop-lxmrd. Scale } inch to a foot ; with details to 1 inch to a 
foot. 

16. An ordinary sash window set in an opening 5 ft. wide by 8 ft 
6 in. high in the brickwork, iu a brick and a half wall, is to have 
folding shutters. Draw the plan of the shutter boxing and 
architrave, taking in half the window, to a scale of not less than 
1 in. to 1 ft., or larger than 1| in. to 1 ft. Show the grounds or 
other flxing. 

17. A window has a 6 ft. opening. It is to Iks fitted with splayed 
folding boxing shutters. The soffit is framed. Write a brief 
description of the metliod of fixing tlie various parts. 

18. Draw, to a scale of 2 ins. to one foot, a horizontal section 
through one side of a double hung sash and frairie window in a 
14 in. hrick wall showing hinged shutters arranged to open Itock 
against the inside face of the wall. Width of opening 3 ft. 6 in. 

19. Describe liack flap, rule joint, and give illustrations of their 
use. 

20. Give a plan and section, inch to the foot scale, of lifting 
shutters to a properly cased sash frame 3 feet 6 inches wide, fixed 
4i inches in reveal (wall I foot lOJ inches thick) and show the 
splayed, moulded, and panelled linings, window Iwicks, architraves, 
etc., complete. 



CHAFrER XV. 

BOOF-LIQHTS AND CONSEBVATOBIES. 

In many Imildings it is necessary to have the tojj rooms lighted 
by A\’ii)clowa in the plaiKi of the roof or slightly elevated above 
the 1 ‘oof surface. Such windows are called roof-liglits or sky- 
lights. They may either l)o “fixed” into the roof, or be con- 
structed to allow of beijig opened for purposes of ventilation. 
The chief diffei’ence between the frames of roof-lights and 
the sashes descrilied in Chap. XIV. is that in the former, cross 
bars are not used, and the bottom rail is thinnesr by the depth 
of the rebate than the c^ier parts of the sash. Tliese modi- 
fications are necessaiy, as will be seen from the illustrations, 
to allow the free escape of iniiiwater. 

Owing to their exposed po.sitions, it is specially noce.ssary 
that the liinbei* used for all i‘oof-lighta shall be of tlie 
best quality, well seasoned, and entirely free from sapwood, 
sbakes, loose knots, and other defects. Red deal is in general 
the best wood for this purpose. Further, all the joints should 
be well painted with load paint before the framework is put 
together, and the framework itself requires re-painting 
periodically. 

There are many different methods of arrangement, some of 
which are descrilKsd below. 

Fixed Skylights. —The simple-st roof -light, and one that 
is specially applicable to large sheds of the warehouse type, 
is constructed by placing, on eacli common rafter, a double 
rebated bar, from *3 to 5 feet long, as shown in Fig. 805. In 
the rebates of these bars the squares of glass are fixed. At 
its upper end the glass fits into a grooved cross rail, and the 
elates or lead fiashiiigs overhang this. At the lower end, the 
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glass is so arjiunged that it overlaps the slates, or sheet lead 
may be used^ tb make a watertight joint. 

An alternative method is to “trim” the common rafters, 
so that a rectangular apace, equal in size to the requii^ed 
skylight, is obtained. The frame of the light consists of 
two styles, a top rail of the same thickness as the styles, 
and a bottom rail the thickness of which is less th^n the 
thickness of tho other parts by the depth of the rebate. 
Intermediate bars parallel to the styles, and in the same 
direction as tlje slope of the roof, are placed at from 12 to 16 



inches apart, as it is not advisable to have the sheets of glass 
more than that width. As these lights are in the slope of 
the roof, there are no cross bars, therefore the sheets of glass 
should be as long ai3 possible. As the glass used for glazing 
such lights is thicker than in ordinary windows, it is necessary 
to have the bars thicker than in ordinary ^shcs, and a rebate 
at least one inch deep is required. The thibkoess of the frame 
depends upon its size, but should never be less than inches. 

cnasB may be fixed in wooden frames either by means of 
small brads and putty, or by wooden fillets. "V^en putty 
is used, it is essential that the rebates, which are to hold the 
glass, be previously ]^inted or “primed.” The paint pre- 
vents the wood froint^bsorbing the oil of the putty. - Special 
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provision is also needed for the removal of eondensed mter, which 
is invariably found where skylights are used. The condensa- 
tion is most marked in rooms, such as mills, in which the air is 
hot and moist. To provide channels fo^ the condensed water, 
grooves are cut along the sides of th^bars (Fig. 809) and 
styles. Sinkings are also made upon the upper side of the 
bottom rail, as shown in Fig. 815, to prevent the water from 
being drawn by capillary attraction between the glass and the 
rail. 

The Joints between the sides of the light and the roofing 
material — slates or tiles — are made watei‘tight by sheet lead 
flashings which overlap the woodwork of the frame. Fig. 807 



is a section showing a framed roof-light resting on the common 
rafters. Tlie bottom rail overlaps the slates or tiles, and this 
joint is also made watertight Avith sheet lead as shown in 
section in the illustiation. 

Fig. 808 shows in section an elevated skylight fixed upon a 
“ curb ” near the ridge of a roof. Fig. 810 is a section through 
a fixed skylight in a shed-roof. 

Hinged Skylights.— Skylights which are hinged to open 
are fitted upon the upper edge of a curh or frame fixed in the 
plane of the roof, the common rafters being “trimmed” to 
the required size to receive the curb. The cuib is made from 
material to 2 inches thick, and of width such that its upper 
edge stands from 4 to 6 inches above the plane of the roof. 
The angle Joints of the curb may be dovetailed or tongued 
and nailed. The safili frame rests upon the upper edge of the 
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<iirb ; it is from 2 to 2^ inches thick, and consists of styles 
and top rail of the same thickness, and a bottom rail which 




Fio. 809. 


Fio. K08.<-8oction throuf'h an Elevatcid Skylight 
fixed at the Hidgo. 

(because the glass overlaps it) is thinner than the styles by 
the depth of the rebate. Bars are inserted in the direction 



Fig. 810.— Aeotlon through part of a Shed-roof, showing a fixed Skylight. 

of the slope of the roof, and the butt hinges used for hanging 
the sash are invariably- €xed on the underside of the top rail. 
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Considerable cai^ is required to make the Joint between the 
sash and the curb watertight. Fig. 814 shows the upper edge 
of the curb rebated to form a tongue which fits into a corre- 
spending groove cut in the underside of the sash. Another 
way is to have the edge of the curb sqi^^re, and to fix a tongued 
fillet around the underside of the sash so that it overlaps the 
curb as shown in Fig. 813. This typo of skylight is extensively 



Fio. 811 .— Sketch of part of the Hoof of a Building, showing a Hinged 
Skylight uud a Dormer Window. 

used for lighting attics and staircases of dwelling-houses. Figs. 
812 to 814 show sections of such a skylight with the main 
dimensions indicated thereon. 

The joints between the curb and the roofing slates or tiles 
are made weatherproof with sheet lead. At the upper end — 
the back of the curb — a small lead gutter is formed, with the 
lead going underneath the slates and overlapping the upper 
edge of the curb. The sides of the curb may be Hashed with 
soakers — short lengths of sheet lead which are worked in 
between the slates — or the jdint may be made with one strip of 
lead forming a small gutter down the side of the curb. In 
either case the lead overlaps the upper edge of the curb. At 



R00F-5iIGHTS AND CONSERVATORIES. 


417 




FlO. 816.— Skotch of one of the Bara of a 
Skylight. . 




0 
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the lower end of the curb, the lead overlape the slates. To 
prevent water from rising between the glass and the upper side 
of the bottom rail, sinkings are cut into the rail as shown in 
Pig. 815. 

Dormer Windows. — Instead of hi^ving the light in or 
parallel to the plane of the roof, it affords a more artistic 
treatment of the roof, and often gives a better result in light* 
ing, if the window is fixed vertically. The general arrangement 
of the framing, as well as of the sashes, depends upon the 
kind of roof, the width of the window required, and the general 
style of architecture of the building. 

The construction of a dormer window necessitates trimming 
of the rafters, and the arrangement of projecting framework, 
the front of which consists of comer posts and crossrails — 
rebated to receive hinged sashes — which are connected to the 
main roof by other crossrails and by braces. This framework 
is surmounted by a roof which may be either ridged, of curved 
outline, or flat. By arranging a ridged roof to overhangs and 
adding suitable barge boards and finlal (Fig. 819), a dormer 
window may be made to improve the general appearance of the 
roof of a building. The sides of the dormer may be either 
boarded and covered witk^the same kind of matjerial as the roof, 
or they may be framed for sidelights. 

As dormer windows are generally in exposed positions, and 
the sashes are arranged as casements to open, their efficiency 
depends largely upon the perfection of the joints between the 
sashes and the frame. The methods of arranging these joints 
are explained in detail in Chap. XIY. to which reference should 
be made. It ought to bo mentioned, however, that with sashes 
hung folding, semicircular tongues on their hanging styles 
(Fig. 745) are by far the best. Figs 817 and 818 give the 
details of a donner window, with sidelights, fixed in a roof of 
ordinary pitch. The sashes, which are hung folding, open 
inwards. The roof may be boarded and covei*ed with lead, or 
it may be covered with slates or tiles. The joints between the 
roofing slates of the main roof, and the roof and sides of the 
dormer, are made weather-proof with slieet-lead flashings. 
Figs. 819 and 820 show a dormer window fixed in a Mansard 
roof ; in this example there are no side lights. Figs. 821 and 
822 show a three-light dormer, of which the middle sash 
only is hinged to open. The in this case is fiat, and ie 
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covered with lead ; it has a wooden cornice around the upper 
edges. 

Large Skylights and Lantern Lights.— 'For lighting the 
well of a large staircase, or a room. .which, for some reason, 
cannot be lighted witli side windows, Specially largo skylights 
are often necessiiry. These are of more elaborate construction 
than the skylights already described ; they vary considerably 
in size, shape, and design ; the plan may be rectangular, 
polygonal, circular, or elliptical, and the outline may l>e 
pyramidal, conical, or spherical. The framework may be of 


A 



either wood or iron. To support such a skylight, a strong 
wooden curb is framed into the roof, and projects fiom G to 
9 inches above the roof surface. The joints between the curb 
and the roof are made watertight with sheet lead. The 
framework of the skylight may consist of rebated (juartering, 
with separate lights which fit into the rebates of the framing ; 
or the sashes themselves may be constructed with strong angle 
styles, which are mitred together, and provided with either a 
hardwood tongue inserted in the joint, or with a wooden roll 
on the top to keep out water. 

With skylights of this description, channels for condensed 
water should always be provided. These are placed at the 
' tipper inner edge of the curb, the remainder of the inside face 
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of the curb bnng covered by either panelled framing or match 
boarding. 

Figs. B23 and B24 give details of a skylight having the form 
of a square pyramid. In this example the four triangular 
lights are mitred at the angles, and have wooden rolls over the 





Fio. 826. 



Fio. 820. 

Elevated Skylight of Curved Outline. 


Elevated ryranildal Skylight. 


joints. Figs. 825 and 826 show elevation and part plan of a 
skylight with a curved roof surface. 

A lantern light differs from the skylights just described in 
having, in addition, vertical sidelights. The sidelights consist 
of sashes, which, by being hinged or pivoted, are often avail- 
able for ventilation. As they are in exposed positions, the 
greatest care is I’^quired in order to obtain watertight joints, 
the detailed consti'ilction of which is considered in Chap. XIV. 
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When the sidelights are hinged on the bottom rail, as in 
Fig. 827, they open inwards ; when on the top rail (Fig. 828), 
they open outwards. When they are hung on pivots, the 
pivots are fixed slightly above the n^iddle of the sash, which 
opens in the manner shown in Fig. 829'5i Figs. 830 to 833 show 
details of a rectangular opening surmounted by a lantern light 
which is hipped (p. 216) at both ends, and has sidelights 
aiTaiiged to open inwards. 



Fio. 827. 


The construction of skylights and lantern lights affords good 
examples of the application of geometry to practical work as 
described in Chap. III. When the roof-liglits are pyramidal as 
shown in Figs. 824 and 831, and a separate frame is constructed 
as shown in Fig. 831, the methods of obtaining the lengths and 
bevels of the hip rafters are similar to those described in 
Chap. IX., p. 248. When the roof-lights mitre against one 
another, the sizes of the lights and the bevels of the angle- 
styles which mitre together are obtained as shown at X in 
Fig. 833. With lights of curved outline, the shapes of the hip 
rafters or angle-styles, as well as the developed surfaces, are 
obtained as explained on p. 255. 



Plan 
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Lay-lights. — At the ceiling level of roof-liglits used for 
staircase wells, or in similar positions, it is often considered 
advisable, for the sake of appearance, to have a horizontal second 
light called a lay-liglit. This consists of a sash, — or if the space 
is large, a number of sashes — fixed ii^o frames in the ceiling. 
The chief feature of lay-lights is in the attempt at decoration 
by arranging the bars in some oi-namental design (Figs. 834 
and 835). The lay-lights are often glazed with ornamental 
glass, which, although it improves the appearance, diminishes 
the amount of light transmitted. 



Flo. 834. 



Designs for Lay-lights. 


Greenhoiu^es and Conservatories.— In this type of building, 
which is largely constructed of wood and glass, the framework 
is usually of moulded and rebated quartering, with side sashes 
fixed in the rebates. As in the case of skylights, tlie roof -lights, 
which in this case reach from the ridge to the eaves, have no 
cross bare, since these would impede the flow of water running 
down the slope of the roof. Care should be taken to have 
the bars strong enough to carry the glass without sagging ; and 
it is well to remember that when a roof is of flat pitch a heavy 
snowstorm will throw a large additional weight upon it, while 
Vrith a steep roof the wind has luuith power. Tlie distance 
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apart of the bars -which carry the glass ranges from IS to 18 
inches, and the lengths of the sheets of glass should be as great 
as possible, so as to diminish the number of cross-joints, since 
these allow of accumulations of dirt which cannot be removed 
easily. These roof-lights are constructed in exactly the same 
manner as skylights ; they are, however, often much larger, and 
require to be thicker, unless purlins are placed to support 
them. When, as is often the case, pait of the roof-light is 



Fia. 830.— Sketch of Conservatory. 


made to open, this part — often a narrow strip at the highest 
part of the roof (Fig. 836) — is made as a separate light, which 
overlaps the upper edge of the fixed lower light. Additional 
ventilation is s(icured by arranging the side sashes to open. 

The above description is intended merely to outline the broad 
principles of the construction of conservatories, but it should 
be remembered that the details, while conforming to casement 
and- roof-light construction generally, lend themselves to 
tx>n8iderable 'Variation in design and arrangement. Three 
typical examples are illustrated in Figs. 836, 837, and 838. 
Many patented syaCems of glazing, which simplify the fixing 

o 2 
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and replacing of glass, are in use. It is, however, beyond the 
scope of this book to dwil with such. 

Fasteners. — Because roof-lights ai*e fixed at the highest 
parts of a building, they are useful for purposes of ventilation. 
On the other liand, their position renders tlicrn difficult of 
access, so that the means of opening and regulating the sashes 
i-etiuires special consideration. 

Pivoted rods, ])ulleys and cords, quadrants, levels, etc., are 
among the devices used for this purpose. The position and the 
metliod of hanging tlie sash, the general style of the building, 
the cost, and other considerations will of course decide which 
particular type of regulator is most suitable 


Summary. 

Roof-liglits may he fixed or they may be arranged to open. They 
may he in the piano of the roof or elevated above its surface. 

Lead flashings are retpiirod to render watertight the joints 
between roof-lights and slatc*R or tiles. 

A dormer window is an .arrangcmcait of vortical lights on a 
sloping roof surfaeo. The construction of the projecting roofed 
framework ncccGsiUitcs trimming of the rafters. I’he lights often 
open as easements. 

Ijarge clcA^ated skyliglits arc supporU-d by strong woodcsn cui*bs 
framed into the roof. Lantern lights have iri addition vertical side 
lights. 

A horizontiil light fixi5d at the cciling-lcvcl directly below a roof 
light is called a lay light. 

The principles governing the constniction of 'W'indow framing and 
roof -lights are applies blc also to w(M)dcn framed greenhouses and 
conservatories. 


Questions on Chapter XV. 

1. Draw, to a scale of S in. to one foot, cross sections to show 
fully alternative methods of constructing the fixed skylight shown 
in the roof of the building illustratfsd in Fig. 517. 
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2. The lighting of a large slied is effected by fixing roof Jights 

arranged as shown in Fig. 810. Draw the complete details, show- 
ing the construction of the roof -lights, a scale of 2 in. to one 

foot. 

3. A skylight is to be placed in a sloping roof. Give sketches 
showing the construction of the skylight, and how 3^ou would trim 
around the opening. The void is to be finished internally with 
linings. 

4. Draw to scale of inches to one foot, a plan and two vertical 
sections of the hinged skylight shown in Pig. 811. Show all the 
details of the carpenters’ and the plumbers’ work. Size of opening 
(between oommun raftci's) 4 ft. 6 in. b}^ 3 ft. 

5 . Make a drawing of a small skylight, to be fixed in a tlat roof, 
and give details to show how the w'cathcr is kept out. 

6. Draw all the details of a dormer window fixed in a slated nx)f 
which is inclined at 45® to the horizontal. Show fixed sido-l^lits, 
and casement sashes hung folding to open inwards in the front part. 
Scale 2 in. to one foot. 

7. Give a section through a Mansard roof 30 feet span, sliowing 
all details oormcctod wdth gutter behind, the ijarapet in front, and 
a skylight in upper front siopo of roof. 

8. Make plan, elevation, and section of a dormer window', 8 ft. 
wide over all, divided into three lights, one fixed, the others on 
centres, the upeuings for lights to be 3 ft. high. T’hc dornier to bo 
in the slope of a roof at 45® pitch, and to be covered w'ith a lead flat. 
Show the method of trimming the opening and the details of 
framing, and all precautions to be taken for keeping water nut and 
getting rid of condensation, and describe the materials to be uhc(L 

9. Draw to scale J inch to a foot, section through a sk\dight over 
a billiard room, the clear width being 8 ft. 

10. A lantern light, 8 ft. by 5 ft., is to he fitted to a billiard 
room, covered with a lead fiat. Draw rather more than Ajuarter of 
plan and half the vertical section of the light. Any necessary 
details may be drawn to a larger scale. Show clearly how you 
would keep it watertight, and provide for ventilation. 

11. It is proposed to cover .a space, 12 ft. by 6 ft., in an exposed 
situation with a lantern light. Give a plan and longitudinal section 
of same to a scale of half an inch to a foot. Also give details, 
quarter full size, of seotions of upper part of light and lower part of 
sash and junction with roof. The light is to be made to open. 

12. Draw to a scale of J inch to a foot the construction of a flat 
lead-oovored roof over a room 20 ft. by 18 ft., showing the 
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Amuigcment for a lantern light 10 ft. by 9 ft., and give details, 
one-eighth fall size, through rolls, gutter, and one side of skylight 
13. Draw to scale of ^ in. to a foot a lantern light, elliptical on 
plan, ? ft long, 4 ft wide, and 3 ft 6 in. high internal dimensions. 
Show how you would got cuts or bevels of bars at top and bottom. 



CHAPTER XVL 


STAIRCASE WORE AND HANDRAILINa. 

Definition of Terms. — As a means of obtaining access to the 
upper rooms of a building it is usual to provide a space in 
ivhicli is arranged a aeries of steps. This space is named the 
staircaBe, and the combination of steeps is named a flight of stairs. 

Wooden stairs consist of horizontal treads, generally supported 
by vertical risers placed under the front edges of the treads ; 
and string boards which support the ends of the treads and 
risers. The front edge of each tread usually overhangs the 
riser under it, and is iio^led or moulded. The line of nosings is 
an imaginary line parallel tt> the edges of the string boards and 
touching the nosing of each tread in a llight. 

The going of a stair is tire horizontal distance from the face of 
the lowest riser to the face of the higliest riser in the same 
flight. The width of the tread is measured from the face of one 
riser to the face of the next, any overhanging nosing not being 
taken into account. The total rise is the height from floor to 
floor, although the word ‘‘rise” usually refers to the height 
fi'om the top of one tread to the top of the next one above it. 
Parallel rectangular treads in a fliglit are named fliers ; when it 
is necessary to change the direction of a flight of stair.s, say 
through a right angle, either winders (triangular treads) or a 
square landing called a quarter-space landing must be used. 
Tlie middle tread of three winders is four-sided (kite shaped), 
and is named the kite winder. Wlien the width of the staircase 
is at least double the width of the stairs, and the stalls are 
arranged in two flights running in opposite directions, the 
change of direction (through two right angles) may be obtained 
by winders only, by winders and a quarter-space landing 
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(^Fig. 841), or by a landing extending the width of the staircase, 
and called a balf-space landing. It is Bometimes necessary to have 
treads which are a little wider at one end than at the other, as 
shown in Fig. 880 ; these treads ai'e named balancing or dancing 



treads. The lowest tread, or sometimes two of the treads at the 
bottom of a flight, may be of different shape fi'om the fliers, to 
allow of additional room, or to improve the appearance of the 
stairs. A step which has a curved front edge, as shown in Fig. 
880, is named a^^bommoda step. A step with its outer comer 
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rounded to a quadtant is a DuUnoBd step ; if the end of the step 
is semicircular it is a roimd-ended step, while if the curved end is 
somewhat of a scroll the step is called a oortail step. 

Distinctive names are given to the ,^triug boards. For ex- 
ample, a string board with parallel edg^, which is trenched to 
receive the ends of the treads and nsei^a, and has therefore part 
of its width above the steps, is called a close string : it is either 
the wall string or tlie outer {well) siring^ according to its position. 
The outer string has, in some types of stairs, tho upper edge cut 
to the profile of the treads and risers, and is then named a cut 
string. With a cut string, the ends of the treads overhang, and 
have mitred and returned nosings (Fig. 839) ; the I'isers under 
these treads may have the ends mitred to the string boards, or 
thin, shaped brackets may be mitred against the ends of the 
risera, the object being in either (iase to avoid showing the end 
of the riser. The former of these cut strings is called a cut 
and mitred string, and the latter a bracketed string (Fig. 848). 
With some types of stairs it is necessary to have the ftiter 
string constructed to turn through an angle at the change of 
direction of the stairs ; such a string is named a wreathed 
string. y 

Stairs more than 3 feet wide should be supported upon inclined 
wooden carriages consisting of rough quartering. Triangular 
blocks placed upon the upper edge, or i-ough cleats nailed to the 
sides of these carriages, support the treads ; the plastei’crs’ laths 
are nailed to the under sides when a plastered soffit is i'equire<l. 

When all the treads are rectangular and of the same size, the 
stairs constitute a straiglit flight. When winders are used to 
turn through a right angle, the stairs are described as winder 
Btalrs. When the change of dii'ection extends through two 
right angles, with a landing between the two flights, the upper 
flight is named the return flight. Stairs having return flights 
are called dog-legged when the width of each flight iS' equal to 
half the width of the staircase, and the outer strings of the two 
flights are in the same vertical plane. When, on the other hand, 
the width of tlie staircase is more than double the width of the 
stairs, it allows of an open space between successive flights ; this 
apace is called the welL When there are posts (newel posts) 
at the angles, the stall's are called op«i newel stairs. Where 
there are no newel posts, and the outer string and the liandrail 
are continuous from bottom to top, the stairs are sai4 to bo 
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gMOBietrloal C^metrical stairs may be arraoged iu either a 
rectangular, polygonal, circular, or elliptical staircase, and are 
usually named accordingly. 

The triangular framing placed under the outer string of a 
flight of stairs is called the spandrel fSramlsg. 

General Principles of Stair Construction.— In superior 
dwelling-houses and in public buildings it is usual toi, make a 
special feature of the staircase and stairs. In cottages, however, 
the space is generally too limited to allow much scope in this 
respect. In planning the stairs the following important points 
need attention. The staircase should be well lighted. The 
stairs should be arianged in straight flights of not more than 
twelve steps each, and all steps in the same flight must have an 
equal rise. If the height from floor to floor renders more than 
twelve steps necessajw, there should be a landing between 
successive flights. A single step, or a combination of two steps 
only, between adjacent flights is objectionable ; winders should 
be avoided as far as possible, although by their use a saving in 
space can bo effected. When winders must be used, they should 
be arranged so that in the middle of their length in narrow 
stairs, and at about 18 inches from the handrail in wide stairs, 
the width of tx'ead is equal to that of a flier. It is usual, how« 
ever, to arrange thieo windei's to turn through a right angle 
(Fig. 873). 

To economise space on the landing of the upper floor, the floor 
joists are trimmed so that part of the floor overhangs the lower 
flight of stall's. In arranging the trimming joists it is necessary 
to provide headroom, that is, sufiicient space between the stairs 
and the under side of the upper floor to allow pereons to ascend 
and descend the stairs without stooping. A usual distance to 
allow for headroom is about 6 ' 6 % measured vertically in line 
with the face of the risers. Special consideration needs to be 
given to the positions of doorways and windows — on both the 
upper and lower floors — as they often introduce difficulties iu 
the planning of the stairs. As the space beneath the stairs is 
almost invaiiably used, either as an approach to the cellar or as 
a storage room, any landing between two flights should be high 
enough to allow of a passage under it. 

PrpportioiL of Tread and Biaer. — ^The width of the tiaad, 
the amount of rise, and the proportions between these are of 
paramount impormce. A good proportion for an easy-going 

X.C.J. 
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stair is to have a tread 11 inches wide (neglecting any over- 
hanging nosing) and a rise of 6 inches. These dimensions 
when multiplied together equal 66 ; it will be found a satis- 
factory guide to take this number a constant, and the 
following formula am bo used : — 

tread x 66. 

From this it will be seen that a 5^ inch rise will need a 12 
inch tread, while a rise of *7 inches will require a tread 9^ 
inches wide. 

Another rule, which also gives satisfactory results, is to make 
the width of the tread, plus twice the height of rise, equal to 23 
inches. This can be expressed as follows : — If T= width of ti'oad 
in inches, — height of rise in inches, then 

inches. 

Although limitatioiLs of .space often prevent the construction 
of an ideal stair, cai’e .should be taken to make the best ^)f the 
available space, es])ecially as a badly designed and proportioned 
stair is not only fatiguing, but a serious danger to the safety of 
old people and young children. For a dwelling-house the stairs 
should l>o from 2' 6" t^^3' wide, with a rise of from 6^ to 8 
inches, and a proportionate width of tread. For public build- 
ings, the width of the stairs varies from 3 feet to 6 or even 
8 feet, and the rise is from 5 to 7 inches. 

The Setting-out of Stairs.- -It is reasonable to a.ssumc that 
the type and general arrangement of the staii’s, with the 
positions of start and finish, landings, winders (if any), adjacent 
doorways, etc., have all been considered during the pre- 
paration of the designs and general plans of the building. 
It is the joiner’s duty to “set out” and construct the stairs 
from drawings supplied to him which embody the points just 
mentioned. Hie first thing to do in the construction of a flight 
of stairs is accurately to measure the staircase, test the angles, 
and to draw to scale a plan showing the amount of space avail- 
able and the exact positions of any doorways or windows in 
close proximity. 

Tlie plan of the staircase having been drawn, it will be 
necessary to determine the number of steps required to ascend 
from the lower to the higher floor-level. To do this, the height 
from floor to floor must be obtained. It is usual to employ for 
this purpose a storey rod, that is, a rod about inches square 
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and long enough to reach from floor to floor. It must be borne 
in mind that in each flight there is one more riser than ti'ead^ 
owing to the landing on the upper floor serving the purpose of 
a tread. By applying the rule pi'eviously given of the pro- 
portion of tread to riser, it remains to be decided what the rise 
shall be. For example, if the height from floor to floor measures 
10' 6", and there is plenty of “ going space ” in the staircase, a 



rise of 6 inches — which would give an easy stair— might be 
adopted : this would require 21 risers, and 20 treads each 
11 inches wide. On the othei* hand, assuming that the going 
space is more limited, while the height is nitill 10' 6", a greater 
rise and a narrower tread will be necessary. A rise of more 
than 8 inches is not desirable, so that it is necessary to find a 
height between 6 and 8 inches which will divide without re- 
mainder into the total height (10^ 6"). The number of risers thus 
obtained will obvipusly lie between 21) and (i.e. ISJ). 

Itmay be 16, 17, 18,J9, or 20, with corresponding rises of = 7J"; 
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^ etc. Although the rise of does not give 

a very easy stair it is often adopted where space is limited. 
The rise having been decided upon, the width of tread is found 
by the rule given on p. 434. With a rii^e of 7J" the tread will be 

(approximately 8f"). Figs. 840 and 841 show plans of 
*k 




the two stairs just descril)ed. In the former, 21 risers are shown, 
the stairs being in two flights with a half-space landing. In the 
winders and a (|jflarter-apace landing are show^n at the 
Junge of direction. Tliese tw'o illustrations are introduced 
xaainly to show the diflerence in the space occupied, wuth w'hat 



Fia. 844.— Method of ** setUiigr-out " a String Board. 

may be considei'ed the two extremes of rise for the stairs 
of dwelling-houses. 

The plan of the stairs having been completed, it is necessary 
to prepare a pitch hoard and three templates. A pitch board is 
a thin triangular board ; two of the sides of the triangle contain 
a right angle, and are of length equal to the rise and the width 
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of the tread respectively (Fig. 842). The margin template (Fig. 
843) is used along with the pitch board in marking out upon 
the string-boards the positions of the trenches for the treads 
and risei's as indicated in Fig. 844. The other templates (Figs. 

845 and 846) are used for 

l. Riser itmelare 1 

c,, T — — T-i r. V trenches for the treads and 

Fio. 845. risers respectively. With 

close strings, the distance of 
the line of nosings (p. 430) from the upper edge of the .string 
is from to 3^", and the .setting out of the trenches is 
done from the upper edge. Tlie width of the string varies 
from 9 to 1 2 inches ; it i.s governed by the inclination of the 
stairs. It should be noticed that the two strings for the same 
night must be set out 


in pairs, and in setting 
out winders, the direc- 
tion ill which the stair’s 



Fill. 846. 


tiii’u must be borne in 


mind. AVhen winders are used it is well to draw a full-sia^d, 
plan of these, in order to obtain the exact widths of the 
f»f the winder treads ; and as they are wider than the fliers, ,t^ 
wall strings supporting them requii’c to be wider than in tfce 
remaining part of the stairs, as shown in Figs. 869 to 873. 

Joints between Treads and Eisers.— 


g The edge Joints between the treads and 
r isers may be square, or they may be 

t tongued and grooved. It is only in 
the commoner kinds of stairs that the 
edge joints are square as shown in Fig. 
847, since square joints allow of dirt 
getting through them. Fig. 862 shows 
rl^d^and lower edge of the riser tongued to 

fit into a groove in the upper side of 
the tread. The upper edge of the riset is square, and fits 
against a rebate formed by having a moulded fillet tongued 
into the underside of the nosing edge of the tread. Fig. 863 
shows an alternative method of arranging the joints between 
the treads add risers. These joints are not so good as those 


Fia. S47. -Soctioxi through 
Tread and Uiaer. 


shown in Fig. 862[; it will be seen that the groove on the 
lower edge of the ^ilser is a source of weakness. The joints 
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are secured by nailing or screiving them together ; they are 
further strengthened by glueing wooden blocks in the angles 
(Fig. 864). 

Types of String-board.— When dtae string-hoardB are used, 
the ends of the treads and l isers ar^. housed for about half 



Fjo. 84S.— Details of part of a Bracketed Stair. 


an inch into trenches cut into the face of the strings (Fig. 864). 
These trenches are cut wider than the thickness of the treads 
and risers to allow of the insertion of tapering wedges, which 
are glued and driven in at the back, and hold the stairs 
together. Naik are often driven through the wall strings into 
the ends of the treads and risers, and in addition glue-blocks 
are placed in all the angles on the under side of the stairs. 
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Although the ‘wall strings are almost invariably close strings, 
the outer string— especially in geometrical stairs—is either cut 
and mitred, or cut and tamketed. When close strings are used 
for both sides of the stairs, the 
treads (fliers) and the risers under 
them are all cut to the same length 
and the ends left square. With a 
cut string, the outer ends of the 
treads are mitred, and a narrow nos- 
ing is returned around the end (Fig. 

839). If the risers are mitred to the 
string, they are cut as shown in 
Fig. 839. Fig. 848 shows the details 
of the ends of two steps which are 
finished with brackets and returned 
treads. It will be noticed that the 
ends of the risei’s are mitred to the 
brackets, the object being to avoid 
showing the end grain of the wood. 

The lower ends of the vertical 
balusters which support the hand- 
rail rest upon the ends of the treads, 
and are secured by being dovetailed 
into them as shown in Fig, 839. 

The outer strings in newel! ed sbiirs 
have the ends tenoned into the newel 
posts as shown in Fig. 849. Tlie 
newel post may extend to the floor, 
and thus act as a support, or it may 
finish a little below the ceiling level 
of the stairs, with a turned or carved 
terminal called a drop. Any treads 
or risera which abut on the newel 
posts are generally housed into the fio. 849.— Sketch of Newel 
posts as shown in Fig. 849. The 
angle joints of wall strings are 

tongued and grooved, and the upper and lower ends are 
“eased” to correspond in width with the skirting board (Figs. 
869 and 870) ; the mould of the skirting being continued along the 
upper edge of the stnng-board. A close outer string is usually 
surmounted by a molded capping, upon which the lower ends 
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Fia. 850.— Plan of a Staved 
String Hoard. 


of the balusters are fixed (Fig. 876), and the outer side of this 
string may be panelled or ornamented by sunk mouldings. 

A wreathed string (the outer string 
of a geometrical stair) may have the 
curved part "Constructed iii several 
different ways. When the well is of 
sruall radius and the outer surface of 
the string has deep sunk mouldings, 
the curved part of the string may 
be built up by glueing togetlier 
narrow pieces with cross-tongues in 
the joints, as shown in Fig. 850 ; this 
construction is known as a staved 
well. Another way is to reduce the 
thickness of the curved part of the string to a veneer, and block 
the back side of the veneer with ribs, the grain of which is 
vertical (Fig. 851), Stout can- 
vas glued on the ribs is an 
additional source of strength. 

Sucli a veneered string is gener- 
ally considered better than a 
staved string. With w^lls of 
large radii, or in stairs the 
strings of which form a con- 
tinuous curve {e,g, geometrical 
stairs, either circular or ellipti- 
cal), the outer strings are usually 
built up by glueing and screwing 
together several layers (laminae) 
of thin boards with overlapping 
joints. The resulting string is 
called a laminated string. The 
two methods last named require 
a semi-cylindrical block (or, in 
the case of a circular well, a 
complete cylinder) of radius 
equal to the radius of the well 

of the stairs, round which the veneer or thin layers are bent 
and temporarily held until the glue has set. 

The method of ascertaining the shape to which the veneer for 
a wreathed string must be cut is shown in Figs. 85S to 865. 
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The plan of the curved part of the string is first drawn full sue, 
and on it are marked the intersections of the veneer and the 
faces of all the risers. The next thing to be done is to diaw 
the “stretch-out” (development) of the curved surface repre- 
sented in plan. The length of the curved lines B, (7, etc. 



(Fig. 853), are of course the widths of the treads where these 
intersect the veneer. The risers are all equal. The soflSt 
curve of the veneer is drawn parallel to the line of nosinga 
Fig. 854 shows the development of the veneer for the wreathed 
string of a geometncal stair with six winders used to turn 
through two rjght angles, as shown in Fig. 883. 

O^natnictioii of Steps with Bent BiserR--Tlie r^iers 

of bull-nose. roundTonded, and curtail steps have curved 
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surfaces. A general method of construction is to cut the risers 
out of a board of the name thickness as the other risers, and 
reduce to a veneer the part which has to be bent round the 
curved surface. A solid block of the required curvature, built 
up of several thicknesses of material, V^th the grain crossing, 
is pi'epared, round which the riser is bent and secured with 



glue, wedges, and screws. Figs. 856 and 857 show a bull-nose 
step ; Figs, 858 and 859 show a round-ended step ; and Figs. 
860 and 861 show the method of construction for a curtail step. 
The outline for a curtail tread cori’esponds to that of the hand- 
rail scroll above it (Fig. 880). It will be noticed that the small 
mould under the nosing of the tread is worked out of the solid, 
and is placed between the tread and the upper edge of the 
riser (Fig. 861), thus reducing the width of the latter. This 
method gives much better results than would be obtained from 



3 
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an attempt to bend the small mould round the curve. The 
riser for a ocHounode step, the whole length of which is curved 
(Fig. 880), may either be constructed out of an inch board 
having saw-cuts in the back aide to aj[low of bending (p. 471 ) ; 
or it may consist of a thin veneer wh^h is glued and screwed 
to shaped blocks. 

Landings and Oarriages. — A quarter or naif-space landing 

for stairs is constructed as a small floor, as much support as 
possible being obtained by building the ends of the joists into 
the wall. These joists being of short bearing, do not require to 
be so strong as ordinary floor joists ; they are usualJy from 4 to 
6 inches deep, and 3 inches thick. The tusk-tenon joint is 
the best joint to use at the ends of all joists abutting against 
the trimmer. Additional support is often given to the outer 
corner of a quarter-space landing, by allowing the newel post to 
extend to the floor. The same support may be obtained by 
having a strong corner-post against the spandrel framing ; this 
post often serves as part of the door framing when a dbor is 
placed adjacent to the spandrel framing. 

For stairs more than three feet wide, it is advisable to have 
rough carriages as an ^ditional means of suj>port. These 
carriages are about 5 inches deep and 3 inches thick. 71iey 
extend from the floor to the landing, and forward to the 
upper floor, and are inclined so that the steps rest upon them. 
By securing them' to the floor and to the landings, additional 
strength is given to the latter, while the treads receive further 
support by cleats nailed to the sides of the carriages, as shown 
in Fig. 862. With some types of geometrical stair considerable 
skill is requii’ed to arrange the carriages in the best positions. 
An alternative to the carriages above described is to have 
tslangular blocks, from 2 to 3 inches thick, glued and screwed 
together in a continuous line under the middle of the treads 
as shown in Fig. 863. 

The trimming joists of an upper floor landing, which form 
the sides of the well, require facing to match the stairs. 
This may be done wdth either plain or panelled facing-boards. 
The boards used must be a little wider than the joists, so that 
their lower edges flnish flush with the plaster ceiling. Such 
facing-boards are called aiKron liuingi. 

Erection of Stair8.-^Tlie actual putting together of a flight 
of stairs is done as far as possible in the workshop. Straight 




necessary to fix the winders after the straight parts have been 
fixed in position. . 

Assuming that string boai’ds have all been trenched, 
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with the necessary easings along the edges ; that the treads and 
risers have been trued up, nosed, tongued and grooved, and 
smoothed off: it is usual first to fasten the treads and risers 
together in pairs. A handy workshop appliance called a cradle 
is used for this purpose. The steps We then fitted into the 
trenches in the strings and numbered, and are finally put 
together with the aid of specially devised cramps. The taper- 
ing wedges which are used for securing the ends of the steps 
are then glued and driven into position. It will be noticed 



that these wedges are driven in at the back sides of the treads 
and risers (Fig. 864), and that as they are driven they tend to 
close all the joints between the face of the string and the steps, 
and also the joints between the edges of the treads and risers. 
The edge joints are also screwed together and glue blocks 
inserted in all internal angles on the under side of the stairs. 


TYPES OF STAIRS. 

The foregoing description of stairs is of general application, 
and covers the work to a considerable extent. As, however, 
each different arrangement has peculiarities of its own, it will 
now be well to glance at these in detail. 
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Straight Flight.— The simplest kind of stairs is one much 
used in warehouses, workshops, etc., where the available space 
is very limited. These stairs have no risers. The ends of the 
treads are tightly housed into the string boards, and are 
secured by nailing. The stairs are strengthened by passing 
bolts through the strings from side to side, just under every fifth 
or sixth tread. Both the treads and the string boards-^often 
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called w>tch hoards in such stairs — are thicker than those of stairs 
which have riscis. Figs. 865 and 866 show sectional elevation 
and pian of such stairs. It will be seen that the front edge of 
each tread overhangs part of the next tread below it; by 
this means a considerable amount of going space is saved. 
This type of stair is improved by boarding the back or under- 
side the notch boards with tongued and grooved match 
boarding. 

Figs. 867 and 868 show sectional elevation and plan of a 
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straight flight of Btaira ’witb treads and risers, the rise being the 
same as in Fig. 865. A comparison of the two examples 
shows that much more horizontal distance (going space) is 
necessary in Fig. 867 than in Fig. 865. 

Stairs with Winders. — Figs. 869 to 873 illustrate details of 
part of a flight of stairs often found in cottages and other small 
dwelling-houses. Tlie arrangement shows three winders used 
to turn through a right angle to the right. The outer angle is 
supported by a newel post which extends from floor to floor ; it is 
mortised to receive the ends of the outer strings, and trenched for 
the abutting treads and risers as shown in Fig. 849. Such siaira 
are often enclosed by flxing one-inch tongued and grooved match 
boarding against the sides of the outer strings, vertically in line 
with the newel post. Figs. 869 and 870 show the wall strings for 
these stairs with the trenches and joint-linos marked thereon. 
Tlie lengths of the trenches for the ends of the winder treads 
are obtained from the plan, as shown in Fig. 873. In this type 
of stairs close sti'ings are used on both sides. The ends of the 
wall strings which fit together have a tongued and grooved 
joint, are nailed together at the angle, and are secured to the 
wall by being nailed to plugs driven into the joints of the 
brickwork. It gives additional security if a joggle, left upon 
the end of the upper string, fits into a hole cut in the comer of 
the wall. 

Dogdegged Stairs, — As previa msly stated, a dog-legged stair 
is one in which the change of direction is through two right 
angles, and the outer strings are in the same vertical plane. 
Although the change of direction may be effected by using 
winders only, such a construction is not advisable, and should 
be adopted only where the space is very limited. Figs. 840 and 
841 are plans of two examples of this type of stair, and Figs. 
874 and 875 show details of a similar stair with a half-space 
landing between the two flights. The landing is placed at a 
convenient height to allow of access to a room under the stairs. 
The width of the landing is equal to the width of the stairs, the 
arrangement of the joists of the landing and the carriages being 
as shown in the plan. 

Open Newel Stairs. — This type of stair has a well, and a 
newel post at each angle. Fig. 876 shows the plan of an open 
newel stair whei*e the staircase is a little wider than double the 
width of the stair/ Scod winders and a quarter-space landing are 

p 
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used. Figs. 877 and 878 are respectively the plan and sectional 
elevation of an open newel stair in a rectangular staircase, 
arranged to allow of ascent being made in easy stages of short 
flights with quarter-space landings between them. The close 
outer strings are in this example shown panelled : they have the 
ends tenoned into the newel posts, and are further supported by 
the panelled spandrel 
framing ; the carriages 
and the landings are 
all framed together as 
shown. 

Geometrical Stairs. 

— A geometrical stair is 
one in which the direc- 
tion is through one or 
more right angles : it 
has a continuous outer 
string, as well as a con- 
tinuous handrail with- Fio. sra-Plan of an Open Newolled St*lr. 

out any newel-posts. This type of sbiir lends itself to consider- 
able variation of treatment, Iwn'ng applicable to any shape of 
staircase, and even to the construction of self-supporting stairs. 
A circular geometrical stair take.s up less space than any other, 
and is often constructed in stone as well as of iron. The con- 
struction of a circular geometriccu stair involves a large amount 
of labour, as the string boards are all wreathed. Figs. 879 and 
880 show sectional elevation and plan of a geometrical stair with 
a half-space landing. The outer string is cut with mitred and 
returned treads and brackets. A number of the lowest treads 
are arranged as balancing treads : the tw'o nearest the bottom 
are commode steps. Tlie brackets under the outer ends of the 
balancing treads are narrower than those under the fliers. 
Fig. 881 shows a method of finding the shape of these diminished 
brackets by what are known as ladial oi'dinates. Figs. 882 and 
883 show plans of diiferent arrangements of geometrical staira. 

Handrails.— The handrail is a rail fixed directly over the 
outer string board ; sometimes also against the wall. Its object 
is tw,(tfold : to act as a protective fence and as an aid to persons 
ascending or descending the stairs. A handrail fixed against a 
wall is generally jfqpported by iron wall bnuOcetB, which are 
screwed to plugs in the wall. A handrail over the string 
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Fm. 879. 



Fia. 880. 

riau and fik utlonal Elevation of a Geometrical Stair. 
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board has the ends 
further supported by 


‘ r.T -T -^V ->* 


a! 


I , ,1 . 1 1 / ,/ / 

I!;: «"/ 
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tenoned into the newel-posts, and is 
baliuteni, ks shown in Figs. 884 to 887. 

The balusters may be square, 
— tW® moulded, or turned. The newel- 
7 1/ posts ^ay be moulded, turned, or 
^ otherwise ornamented by being 

^ t carved. Considerable varhition 

' exists in the size and designs 

of newel-posts and balusters, as 
will be seen from an observation 
of every-day examples. The line 
of the handrail is parallel to the 


y' 

Fio. 881.— Mothtid of ob- 
taininff shnpo of Urackots 
for Wells, etc. 

line of nosings, and 



is placed at a height 
above it of about 2' 7^" 
(measured vertically in 
line with the face of 
the riser). The hand- 
rails of dog-legged and 
t>pen newel stairs are 
generally in straight 
lengths, witli the ends 
tenoned into the 
newel-posts. A hand- 
rail should be of such 
a section that it can be 
easily, grasped. Figs. 



Fio. 88.3. 

Flans of GooinotHcal Stairc;. 


888 to 891 are typical sections of handrails. In the best work 
the underside of the handrail is grooved, and an iron bar 
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placed in the groove ; this bar is screwed to the upper 
ends of the balusters and to the underside of the handrail. 
Iron ballisters are often inserted — one in every seven — as 
a means of giving additional rigidity to the rail. The 
handrail is often carved at the angles of upper landings, 
when turned into a wall, or against a newel-post. Figs. 893 
to 890 show some of these curves with their distinctive names 
appended. 

The height of the handrail at a landing should be gi^ater by 
about half a riser, than at the inclined part of the stairs. In 
geometrical stairs, where it is continuous, the luindrail requires 
to be “ wreathed ” at the change of direction. The preparation 
of these wreaths is the most difficult part of the stair-builder’s 
work, and is generally deputed to the specialist. Satisfactorily 
to ex])lain the construction of wreaths in handrailing would 
I’equire more space than is here available. Any cursory 
treatment would be unwitisfactory, and will therefore not 
be attempted. It remains to be mentioned that any joints 
in handrails are made with dowels and handrail bolts as 
shown in Figs. 888 and 892. 


Summary. 

Wooden stairs consist of striwj \foardn supporting horizontal treada 
and vertical riners. 

String boards may be done (having parallel edges) or evt (with the 
upper edge cut to the profile of the steps), 

A cut string may bo cut awl mitred or evA and hrackded. 

The outer curved string of a geometrical stair is called a wreathed 
string. 

The triangular framing under the outer string is named spandrel 
framing. 

When the successive flights of a stair are not in the same straight 
line, the change of direction is obtained by winders or by landings— 
quarter-apace or half-space according to the angle l)etwecn the 
flights. 

Wide stairs require further supporting by rough wooden oanlages 
upon which arq nailed cleats or triangular brackets. 

Useful relative dimensions (in inches) of the toidth of tread and 
height of rise are given by the formulae : 

>xi?=66, or 5r-|-2i?=23. 
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The principal types of stairs are stiraiglit fllglit, staini wttll 
^Rinden^ dog-leKffed, open newel, dLnd ffeometrloaL The two last 
named are arranged around a space called the welL 

A is supported by vertical tmluetm, and in newelled 

stairs has its ends tenoned into newM 


Questions on Chapter XVI. 

1. Give sketches ( full size of the various methods used in the 
joint between riser and tread. Also explain with plan (scale J in. 
to the foot) the use and moaning of the term ‘‘balancing treads.''’ 

2. (a) Make a drawing of the end of a curtail stop. (^) How are 
treads and risers secured to the strings in the case of both cut 
string and close string ? 

3. Ejqilain the following kinds of stair : DogJegged ; new'el ; 
geomotrioal ; dancing. 

4. The stairs of a cottage have to be arranged, with winders, to 
turn through a right angle to the right w'hen ascending. On the 
lower floor there is a doorway 4 ft. 9 in. from the comer. The 
stairs arc to be 2 ft. 9 in, wide, and are to Iw cnolosod with 1-inch 
vortical tongned and grooved match-boaifling. The height from 
floor to floor is 9 ft: 9 in. Make all the necosHiiry ivorking 
drawings ; scale, for plan and section J in. to one foot, for enlarged 
details in. to one foot. 

5. Explain, with sketches, the meaning of the terms w^all stiing, 

well string, close string, cut string, mitred string, bracket string, 
wreathed string. Make a plan and section of a dog-lcggcd stair- 
case ; all construction to \yo shown. ^ 

6. Draw the plan and sectional elevation of a dog-legged stair in 
a staircase 6 ft. wide. The height from floor to floor is 11 ft. 
Arrange a quarter-space landing and winders above it at such a 
height that headroom for a passage under the landing is obtained. 
Scale I inch to one foot. 

7. Make plan and section of an open newel stair, having winders. 
All details, such as strings and carnage pieces, arc to be shown. 

8. Draw, to a scale of in. to a foot, a plan of a newel stairoase, 
3 ft. 6 in. wide ; height, floor to floor 12 ft. ; in a hall 9 ft. wdde. 
Explain the method of setting out this stair, and how you would 
determine the proper proportion of tread to risers. 

9. Draw, to a scale of inch to a foot, in plan and section, a 
newel staircase, to rise 12 ft. from flexor to floor, to be 3 ft. wide^ 
and to be contained in a space 8 ft. by 8 ft. 
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10. Draw a plan and sectional elevation, with all details necessary 
to show the oonstruotion, of a geometrical stair 3 ft. 6 in. wide, in 
a staircase 7 ft, 9 in. between the walls. The height from floor to 
floor is 12 ft. Show a half-space landing at about 8 feet from the 
lower floor level. Scale and (for details) i full size. 

11. Make a drawing of a geometrical staircase ; all details should 
bo shown. 

12. Draw a plan of a geometrical stair, scale 1 in. to the foot^ 
and give full details of the construction of the curtailed step. 

13. Show how you would make the internal string of a geometrical 
stair. The well hole to l)e 2 ft. 4 in. in the clear. 

14. A geometrical staircase has a veneered string. It has throe 
winders and a quarter-sj)acc landing at one part. Well hole 12 
inches in the clear. Work out to a large scale, the development of 
the veneer round the well hole, and show by dotted lines the 
construction. 

15. Draw the plan and show the construction of a commode step 
for a geometrical stair ; show also the method of developing the 
inside string, and give a description of the process of preparing it. 

16. Draw a plan and section to J in. scale, showing the con- 
struction of circular geometrical stairs 3 ft. 9 in. wide, in a cii’cular 
space 10 ft. in diameter, the stairs to rise to a landing 9 ft. from 
floor to floor. 

17. Make the drawing of a scroll wreatli for a curtail step. 



CHAPTER Xm 


WORKSHOP PRACTICE AND SPECIAL 
CONSTRUCTIONS. 

The detailed consideration of the methods of preparing and 
fixing the varied work upon which the carpenter and joiner ai*e 
engaged will now be considered briefly. Although the pi'e- 
ceding chapters give detailed information of the several branches 
under distinctive headings, there are many points of importance 
which demand further attention. 

Arrangement of Workshop. — Although the arrangement of 
the workshop is of some importance, there is evidence to show 
that in a large number of oases it does not receive the a^inount 
of consideration which it merits. An up-to-date workshop is 
arranged so that there is abundance of light, an economical 
utilisation of space, with sufficient room to undertake the 
different kinds of work that come to hand, and convenience for 
transference of the work to and from the machines and the 
benches. 

Benches are usually from 9 to 12 feet long ; they may be 
single or double, according to the space available, or the manner 
of lighting the room. When the workshop is in an upper 
storey, as is often the case, special attention should be given to 
the strength of the floor, in order to minimise vibration. It is 
economical to have each bench fitted with an instantaneous-grip 
vice, and a tail vice will also be found useful. The space 
between the benches will depend upon the available accom- 
modation, but at least 2 feet is required for the bench-way 
between single and 3 feet between double benches. When 
much machinery is in general use, it is better to have separate 
rooms for mac^ery and benches, as the dust which is un- 
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avoidable in the niachine*i‘ooiu will interfere with the cleanliness 
of the finished work, and the noise and vibration often detract 
from the accuracy necessary at the benches. It is essential that 
the workshop be kept clean and well ventilated, and it should 
be provided with artificial heat in the wintei* months, as well 
for the comfort of the workman as for the sake of the material. 
Side lights are much better for lighting the workshop than roof 
lights, and the boTiches should be arranged with the head ends 
to the light. When, as is often the case, the machine-room is 
below the workshop, a trap door in the floor of the latter will 
be found a necessity, wlule easily-ascended stairs are indispen- 
sable. The artificial lighting of the room, the arrangement for 
heating the glue, the position of the giindstone, and the storage 
arrangements for templates, cramps, and sundry appliances in 
occasional use, all demand careful consideration. 

**Trueing-up" of Material.— As has 7}een explained in 
Chapter VI., machinery is used very extensively for cutting 
up and preparing material. Not only is machinery commonly 
used to “dress” (plane) to the exact size all the “stuff” 
required, but any grooving of the edges, or rebating or 
moulding of the arrises is also done by machinery, and 
mortising and tenoning machines are used for cutting mortises 
and tenons ; so that in addition to the setting-out of the work, 
it is only necessary, in the mass of ordinary framing, for the 
workman to examine and, whtii necessary, to trim, the joints, 
and to put the framing together and smooth it off. 

When the trueing-up of the material for framing is carried 
out entirely by hand labour, care must be taken to have each 
separate piece planed perfectly true, with the edges straight and 
at right angles to the sides. Unless this is done the resulting 
framing will have a “ twisted ” surface. In sawing out material 
which has to be hand dressed, it is necessary to allow, over the 
finished sizes, about one eighth of an inch in both width and 
thickness for planing. 

In dressing the material, the w'orkman uses distinctive marks 
for what he considers the best side and edge of each piece. 
These marks are named fitce marks, and they play an important 
part in guiding the several operations through which each pieoe 
has to go. He first examines the piece and selects its best side, 
dresses this side until a truly plane surface (which is tested 
with the winding strips (p, 108) and straight edge) is obtained, 
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and then puts on the face-side mark ^ vhich points towards 

the best edge. He then planes the test edge until it is straight 
and at right angles to the face side, And then puts on the face- 
edge mark A- The material is next gauged with the marking 
gauge (p. 109) to the required width, and planed to this 
width ; after which it is gauged to the required thick nesn and 
planed to this thickness. Of course, the above description of 
trueing-up work applies only to stuff which is required to be of 
definite finished size, such as the panelled framing of doors, 
dado-framing, bath and lavatory fittings, oflice scieena, the 
fniming of sashes, etc. Other material often needs f)nly to have 
tlie surfaces dressed, with no particular care as to straightness 
or exact size. 

Setting-out. — The sotting out of framing consists of marking 
the Bhoolder lines for the joints, and the exact lengths^of the 
various members to be fitted together. The nature of the work 
is so varied, and — as previous chapters liave shown — the 
number of suitable joints for different purposes is so great, 
that only a few typic^ examples can be illustrated, although 
the explanation given is generally applicable. ’ 

The setting-out of the work is undoubtedly its most important 
side, and is a test of the efficiency of the craftsman. lie must 
have a thorough knowledge of geometrical projection to be able 
clearly to understand the drawings of the architect or designer, 
and a practical knowledge of detail to be able to set out all the 
intricate framework with 'which he may have to deal. It may 
happen that some impossible method of construction is being 
attempted, and it is the business of the craftsman to detect this 
when setting out his work. 

The foreman of tlie workshop generally undertakes the duty 
of setting-out, and of solving any difficulties which' may arise, 
although he often deputes part of this work to the most trust- 
worthy of his workmen. 

For the mass of ordinary panelled and sash framing it is 
usual first to draw out, to full size, a horizontal and a vertical 
section upon a rod or thin board (the setting-out rod), showing 
^6 shoulder lines, mortises, tenons, and any grooving, rebating 
or moulding which occurs, and then to transfer as many of these 
Hoes as are necessary to the different members of the frame- 
irork. It is impossible to give more than a general idea of how 
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this is done, since custom varies in different workshops, and the 
opinions of various craftsmen differ as to wliat is necessary. 

With rectangular framing, the sections supply all the data 
neceasiiry, but if there are curved surfaces, such as circular- 
heiided panels, curved heads to window frames, or triangular 
spandrel or irregular-shaped framing, an elevation also is 
needed. 

When a number of rails of the same dimensions and having 
the same thickness of tenon are cut with a tenoning machine, 
it is only necessary to set out one rail. This mil can then be 
used as a template, and one setting of adjustable fences on the 
machine will serve foi* the cutting of all the remaining rails. 
A similar remark applies to any tenoning of a number of 
pieces ( 0 .^. muntiiis) of the same size, but not to tlie cutting of 
mortises. 

It liiiiat be remembered that a tenon should not have a width 
of more than five times its thickness (p. 170) and that haunched 
tenons (p. 170) are necessary at the corners of panelled framing. 
When the edges of the framing are grooved, as in nearly all 
kinds of panelled work, it is nexjessary to allow for the grooves 
since they reduce the M'idth of the tenons. When the 
framing is rebated, as in sash framing and the upper part of 
sash doors, the depth of tlie lebate has to bt‘ allowed for in 
marking the shoulder lines. When the inner arrises of the 
sashes or other framework are beaded or moulded, this fact 
must be taken into consideration and allowed for in the setting 
out f)f the work. 

The setUng-out rod may l)e sfjuare in section (about 1 ^ side), 
or a thin board of from 7 to 11 inches w-idc may be used, the 
sin-face of which Inis been covered with a thin coating of 
powdered whitening iiii.xed with very thin glue size, and after- 
wards sand -papered down until faii-ly smooth. 

Fig. 897 shows a rod upon which details for the door 
illustrated in Figs. 674 to 678. It will lie scon that from this 
rod the lengths and widths of all the members of the framing, 
the exact sizes of all the panels, the lengths between the 
shoulder lines of all rails and iiiuntins, and the sizes of all 
mortises, can be obtained. It is advisable, when transferring 
shoulder lines the setting- out rod to such tnembera as 

niuntins, to allow for slight shrinkage of the wide rails 
during second seasoning (p. 7). . Fig. B98 illustrates flba 
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setting-out rod for the pair of sash doors of Fig 680, die upper 
parts of which are of glass. It is usual in 
such a case to set out one half of the 
horizontal section to show the lower 
part of the doors with the panelled 
framing, and to have upon the other half 
the upper part which shows the moulded 
airises and the rebate for the glass. 

Fig. 899 shows a rod upon which are 
set out all the details required for the 
casement window illustrated in Figs. 

742 to 745 ; and Fig. 900 shows a 
similar rod with the setting-out lines 
for the flash and fi'aiiie window given 
in elevation and sections in Figs. 770 
to 772. It will be noticed that on each 
of these rods the \ ertical section is 
drawn on one side and the horizontal 
section upon the other side of the rod, 
that the mortises are indicated by the 
diagonal lines, and that an arrow head 
is placed at each of the shoulder lines. 

It is a wise precaution at all times to 
confirm, by measuring, the sizes of all 
openings in brick or stone walls before 
setting out the rods for the window or 
door frames. 

Such framing as movable panelled 
and glazed partitions, office screens, 
dado framing, church, chapel and 
assembly-room fittings, and in fact 
all kinds of panelled or other framing, 
needs setting out by drawing upon 
rods vertical and horizontal sections 
to full size, and then transferring the 
lines for the shoulders and the mortises 
to the material composing the fram- 
ing. With corapliciited framing the 
difficulties increase and more care is Fio. ooo.— Sotting-out Rod 

needed, and it -v?q|l be readily under- 
stood that in such hard wood as oak, to 772. 
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mahog.'iny, walnut, 6tc., gi-eater cai^e is needed in execution 
than with the mass of work done in soft woods. 

The Putting Together of Framing.— After the setting^out 
comes the mortising and tenoning, whi^ in hand work is done 
before any grooving, rebating, or moulding. When the 
mortises and tenons are Tnachiue>cut, they requii'e subsequent 
examination, and. often, cleaning up by the workman. When 
these operation.s liave been completed it is necessary, before 
putting the framing together, to .smooth all parts that cannot 
be smoothed afterwards. In panelled work the panels must 
be inserted a.s the framing is put together ; after which it 
is glued, cramped together, wedged and smoothed off. 



Fio. 901.— feolid Moulded Framing Fio. 902.— Mitre Template, 

with Mitred .loint. 


When the framing i.s solid moulded, the moulded arrises 
need to be fitted together unless the mouldings are stopped at 
each of the joints as .shown in Fig. 658. The joint Ciin be made 
by mitring each of the members of the framing as shown in 
Fig. 901, or— which is better because it does not show any 
slight shrinkage that may possibly take place — the members 
may be scribed as shown in Fig. 357. When mitring is 
resorted to^ a mitre template (Fig. 902) is used. 

AVhen tlie mouldings ai’e “ planted-in,” which is the case with 
the bulk of panelled framing, a mitre lAocfc (for small mouldings) 
or a mitre box (Ibr larger mouldings) is used in cutting the ends 
(ft all the mouldings that 6t into rectangular framing. Figs. 
903 and 904 show a mitre block and mitre box reepecfcively j it 
will be seen that each has saw grooves cut at an angle of 40'’ to 
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the sides— this being the angle to which the ends of mouldings 
meeting at a right angle are cut. In nailing the mouldings in 
position, care must be taken to drive the nails so that they 
pierce the solid framing and not the panel ; this leaves the 



Fio, 003.— Mitvo Block. Fio. 901. — Mitre Box. 


edges of the panel free for slight shrinkage. When the 
angles of the framing are not right angles, the mitre bisects 
the angle. Fig. 905 shows part of a piece of panelled framing 
suitable for the soffit of a deeply lecessed shop doorway, or 
the soffit of a bay window, in which some of the edges of the 



Fio. 005.— Irregular ehapod Faiiellcd and Moulded Framing. 


framing are curved. When the mouldings of such framing are 
to be planted- in, some of the mouldings will be curved, and 
the mitres of these require special attention. In some cases 
(Fig. 905) the mitres are curved surfaces. The method of 
obtaining the intersecting mitre, when a straight moulding 
meets a curved one (as at A in Fig. 905) or when two curved 
mouldings inter8|ct (as at B in Fig. 905) is shown in detail in 
Fig. 906. The luHre line 04 is an even curve drawn through 


$68 A MANUAL OF CARPENTRY AND JOINERY. 


the points of intersection of the pairs of equidistant parallels 
to AO and respectively. It will be seen from Fig. 905 at 
C that in certain circumstances the intersection of two curved 
mouldings, or a curved and a straight one, may be a plane or 
“ straight ” mitre. 1s, 

Baking Mouldings and Angle Bars.— In Cliapter II., 
Figs. 79 and 80 show methods of enlarging and diminishing 
mouldings. A modification of this geometrical principle is to 
be found when a moulding, fixed against a vertical wall in an 
inclined (raking) position, intersects a horizontal moulding 
against a wall at right angles to the first one. Fig. 907 show's 





Fig. 906.-^Eulargcd detail of Panel (*) in Fig. POfi, nhowing Mitres of 
Moulding. 


how to obtain the shape of the horizontal moulding on the 
uppKjr edge of a skirting board which has to mitre into the 
inclined skirting boat’d of the given cross section. To obtain a 
true intersection at the angle, the horizontal moulding is 
necessarily of different shape from the raking moulding. Fig. 
908 shows another type of raking moulding with the shapes of 
horizontal returns at both the upper and the lower ends. The 
return in each case is upon a vertical surface and through a 
right angle. The projection of the various members beyond 
the face of the wall is the same in each case, as indicated by the 
corresponding i^^nibers. Fig. 909 shows the method of obtain- 
ing the shape of a moulded angle-bar for a shop wdndow or 
some similar framing. 
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Angle Brackets. — The ceilings of rooms are often relieved 
by having plaster cornice- moulds run in the angle between the 
ceiling and the vertical walls. When the cornice is large, the 
plasterers’ laths supporting it are cai^Tied by rough wooden 





Fiq. OlG.—McthodH of ol)talniii|S sliapes of Angle 
lirackets in Fig. Oil. 


brackets (angle brackets) placed about 15 inches apart along the 
intersection of the wall and the ceiling. These brackets are cut 
approximately to the shape of the section of the cornice as 
shown in Fig. 910. Specially shaped brackets are needed for 
the support of the ends of the laths at the corners of the room. 
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The method of determining the ahape of such corner toadEete 
is an excellent example of geometrical projection, and is shown 
in detail in Fig. 910. Fig. 91 1 shows the plan of a peculiarly 
shaped room, purposely selected to give vaiiety of corners. The 
reference letters of Figs. 910 and Oil are identical, and Fig. 910 
shows the outline of the corner brackets at A, 27, and C. In 
cutting out these corner brackets it is necessary first to prepare 
a template of the required shape. The template is then 
applied to the surface of the material, and — as the edges of 
the corner brackets are not at right angles to their vertical 
plane, but must be cut so that they are in line with the other 
brackets as shown in Fig. 911— the Ixivels to which the edges 
are cut must be obtained from the plan of the room. The 
template must be applied to both sides of the material to 



Fia. 9]2.~Mothod of finding tho di8tauoo«i aiiart of tbo Snw.Korfd 
when licndiiig boardH. 


correspond to the edge bevel required. A similar construction 
is applicable wherever large wooden moulded cornices meet at 
an angle and have to be supported by wooden brackets. 

Saw-Korflx&g. — Curved surfaces are often “cut out of the 
solid ” and dressed to the required curvature. It is occasion^ 
ally necessary, however, to bend a board to obtain a curved 
surface. In addition to the methods already explained of bend- 
ing boards (pp. 401 and 440), a method often adopted is to make 
«aw-cuts (kerfk) in the side which is to be concave, at such dis- 
tances apart that in order to close the kerfa the board must be 
bent to the required curvature. 

A ready appliance for obtaining the exact distances apart of 
the saw-kerfs is illustrated In Fig. 912. It consists of a lath of 
exactly the same thickness as the board to be bent. About the 
middle of the length of this lath a saw-kerf is made. The lath 
18 then bent untilCt^e kerf closes, and the angle thrqugh which 
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it has been turned from the sti-aight line is obtained. An arc 
of a circle is then struck (Fig. 912) with A as centre and a 
radius equal to the radius of the curve required. The chord 
BB of the arc is the distance apart pf the kerfs to be cut in 
the board to be bent. Similai’ly, witli a curve of radius AC^ 
CC gives the distance apart of the saw-kerfs ; and, again, DI) 
would be the distance apart of kerfs required for curvature of 



Fio. 013. — Method of obtaining the Bevels ut the ends of Splayed 
Lliiings around a door or window o()oniiig. 


radius AD. Tlie following precautions must be carefully 
attended to : 

(1) The lath must be of exactly the same thickness as the- 
board to be bent. 

(2) All the saw-kerfs must be made with the same saw, i.e, 
the saw used for cutting the lath. 

(3) The depths of all the kerfs must be equal, and deep* 
enough to allow of bending without breaking tli© fibres on the 
convex side of the board. 

Sldayed Liai&gs. — Fig. 913 shows the upper part of the 
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elevation, a horizontal section, and a vertical section of the 
inside linings of a window or door frame, where both the jamb 
and head linings are “splayed.” To obtain the lines of inter- 
section of the oblique (splayed) planes, it is necessary to draw 
out the appearance of each when the two have been rotated into 
the same plane. In Fig. 913 ah is the horizontal section and 
a*a\ b'b' the elevation of the front face of the jamb-lini,ng on the 
right-hand side. The line ah is rotated on a as centre, and the 
true shape of the front face thus developed is seen to be a'a' 
BB ; while angle 1 gives the bevel for the side cut. Similarly, 
by rotating tlie line cd on centre c, the development Dn'dD of 



Fk). iU 4.— Splayed Liiiliigts aruuud a 8cnii oireul^ir opening. 


the head is obtained : the bevel of the head at its intersection 
with the jamb being given by the angle 2. 

The method of obtaining the angle (marked 3) which the edge 
cut makes with the face of the jamb-lining is shown on the 
left-hand side of tlie drawing. As a geometrical problem it is 
the determination of the angle between two planes, i.e, the faces 
of the vertical jamb-lining and the head-lining, m'n' is the 
elevation of the line of intersection of tliese two planes, and 
Mil! shows its true length, because Mm' is equal to nk in the 
horizontal section. Through M draw MO parallel to m'n\ From 
any point 0"in MO draw Ox perpendicular to Mn\ and through 
0 draw perpendicular to mV. Make O.r' equal to Ox and 
draw Xa/ perpendicular to wV. Join Xy and Xz. The angle 
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yXz iH the angle between the two planes, and its complement 
3 is the angle of the edge cut. 

The principles involved in this exercise are applicable also to 
the construction of hoppers, triangul^ louvre ventilators, and 
to splayed work generally 

Fig. 014 shows splayed linings for an opening with a semi- 
circular head. Fig. 915 shows the development of the circular 
part, which im a portion of the stretch-out of a cone. The 
numbering indicates cori'esponding points on the tw'o drawings. 

Cirde-on-Circle Work. — Circle-on-circlo Avork, as the name 
implies, involves the construction of framing which is circular in 


D 



Fig. 015.— DovuJjpracnt of the curved jiart of the Splayed Lining in 
Fig. 014. 

both plan and elevation. It generally occurs in door or window 
frames which are segmental in plan, and have the upper part 
(head) semicircular in elevation. Fig. 916 is an illustration of a 
typical example with “radiating” jambs. The curved part of 
such frames is usually built up of two, three, or more members, 
according to size. As the curved members are of necessity 
worked out of rectangular pieces, and have the joints prepared 
before the curved surfaces are worked, the determination of the 
minimum size of material required, and of the bevels to which 
the ends must be cut, needs careful consideration. In Fig. 916 
the minimum thickness of the material is the perpendicular 
distance between MX and PQ, The face joints are shown at 
X and Y, the point x being obtained by drawing through o 
perpendicular to PQ, The edge joint at the lower end is per- 
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pendicular to the face side, and the bevel for the edge joint at 
the upper end is shown at Z. The taoe moulOs are templates 



Ftn. 916.-'C{rclc*on<Circ1o Fraiuingr with Uadiaiiiig Jambs. 


for marking out the curvature of the upper and lower faces. 
Tliey are obtained‘1^ developing the vertical plane PQ for the 
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outer (convex) side, and the vertical plane MN for the inner 
(concave) side. The development is in each case an even curve 
drawn through x>oints obtained by measuring, from PQ and 



Fio. 917. — Hciuisphcricsil Pendeiitivc Cradling. 

\ 

MN respectively, ordinates equal in length to corresponding 
ordinates projected from the elevation. After working these 
curved surtacee, the lines to whid:i to cut the vertical curved 
surfaces are obtained by transferring the horizontal radiating 
lines 11, 2 2, 3 3, etc., to the upjier and lower surfaces, and 
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measuring along these lines the points cc^ dd, ee^ etc., from the 
faces PQ and MN respectively. Even curves drawn through 
these points give the lines required. Any rebating or moulding 
of the arrises may be done easily by working parallel to the 
curved surfaces. Joints in circle-on-circle work usually abut 
normally to the curve, and aro secured with hainmer>headed 
keys (Fig. 368) or handrail bolts (Fig. 892) and dowels^ 
Pendentives. — When a room is lighted from the ceiling, as in 
art galleries, museums, etc., the ceiling of the room often takes 
the shape of a dome. With such a construction the wooden curb 
(p. 420) which carries the roof-light is supported, as is also the 
plastered ceiling, by I'ough wooden bi-ackets or cradling. Such 
a treatment is said to be pendentive, and the rough wooden 
framework is known as pendentive eradling. The ceiling may 
have either circular or elliptical curved riba, and the curb upon 
which the lantern light rests may be square, polygonal, 
circular, or elliptical. If the curved ribs are long, they may be 
built up of two or three thicknesses nailed together with 
overlapping joints. Fig. 91 7 shows the details of the pendentive 
cradling for a ceiling the shape of which is hemispherical ; it 
supports a circular curb. 


FIXING OP JOINERS’ WORK. 

If the finished wrought woodwork is, after being properly 
seasoned, fixed in position in a new building before the walls 
and the plaster are dry, it will absorb moisture and swell, 
and, after drying, it will be apparent that the joints have been 
strained. On this account, therefore, all finished work should, 
as far as possible, be left unfixed until the building is quite 
dry. The method of fixing depends upon the class of building 
and the character of the finished woik. The usual plan is to 
fix wooden battens called grounds to the walls around all 
doorways, window openings, and along the walls for the upper 
edges of skirting boards, dado framing, and in fact generally 
where finished woodwork has to be secured to the wall. These 
grounds ure nailed either to slips which have been built into 
the wall, or to plugs driven into the joints between the bricks. 
The grounds around doorways and window openings are framed 
at the angles, and'' it is necessary to arrange that all the 




Fio. 918.— Anglos in a room showing method of fixing Skirtiig, 
Cl rounds. Angle Beads, etc. 


holdfasts are sonietinies used for securing such grounds, 
especially around ehiumey flues. Fig. 918 shows how^ the 
grounds are fixed in jmrt of a doorway, and also behind the 



Fio» 919. — Method of Secret 
Scrawing or SecArct Nailing. 


skirting boards. In the mass of 
ordinary work the finished material 
is nailed or screwed to the grounds, 
with the nails punched below the 
surface and the nail-holes afterwards 
puttied-up by the painter. In 
superior work, w'here such material 
as oak, mahogany, etc., is used, 
and where the finished surface is 
afterwards polished, any visible 
nail -holes or screws would be objec- 
tionable, seci’et screwing is largely 
resorted to. In addition to this, 
the material is so constructed that 


tongued and grooved joints and glue blocks are largely used 
as fastenings. Fig. 919 illustrates a method which may 
occasionally be used with advantage. It consists of cutting 
a narrow chase of small depth into the face of the board, 
raising carefully the part cut, driving a nail or a screw into 
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position, and then gluing the raised portion into its original 
position. 



Fio. 921.— Moulded Sklrtlxig Fio. 922,— aoctlon through a double* 

toiiguud to tliu Floor. faced 8klrting. 


Figs. 920, 921, and 922 are sections through three diiferent 
forms of skirting boards, with their nam^s attached. In the 
best class of work the lower edge of the 
skirting is tongued into the floor. 

Angle Beads. — When an external angle 
occurs in a room, as at X in Fig. 918, an 
angle or staf!' be^id is flxed by means of wooden 
plugs to the wall as a guide fur the plasterer, 

as well as to protect the angle. Fig. 923 is a 

horizontal section of an angle bead. The bead Angle bead/ 
is sometimes dispensed with, and the plasterer Fia. 923. 
works the angle in cement. 
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Summary. 

A workshop should have abundance W light, be properly heated 
in winter, and liave special regard paid to the arrangement of the 
benches, machinery, storage arrangement, artificial lighting, etc. 

In the preparation of framing by hand labour, both the ** trucing- 
up ” of the material, and the systematic testing for straightness and 
size call for great care. 

The ability to *'8et out'* all kinds of wooden framing is one of the 
surest tests of the skill of the craftsman. The setting out is usually 
first done on rods, the measurements l>eing afterwards transferred 
from these rods to the various mcniljcrs of the framing. 

Panelled framing may have the mouldings worked on the arriKcs, 
or they may be “planted in.” The mitre block or mitre box is 
often used for mouldings which are mitred. Xn certain Ccascs the 
mitre of two intersecting mouldings is a curved surface. 

When a raklii£r moulding intersects a horizontiil moukftng at an 
angle l)e tween two planes, the two mouldings are of different shape. 

A board can be bent to almost any radius by cutting equi- 
distant eaw-kerfs on one face. The distance apart of the kerfs 
depends upon (1) the mdius of curvature; (2). the thickness of the 
board to be bent ; and (8) the thickness of the saw used. 

In splayed linings, oirdle-on-circle work, and pendenUye cradling, 
the practical application of geometrical principles of projection is 
necessary for the determination of the sizes of the material, and the 
bevels of the joints. 

Finished woodwork is fixed to grounds plugged to the walls of 
the building. It should never be taken to the builditig until the 
walls and the plaster are dry. 


Questions on Chapter XVII. 

1. Show how you would set out on a rod for an inside four- 
panelled door and frame. Size of door 7 ft. by 3 ft. by 2 in. 

2. Show how you would set out a rod for a window-fi-ame fitted 
with a pair of French casements. 

3. Make a drawing of a piece of irregular-shaped panelled and 
moulded framing, some of the panels of which have curved edges, 
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and determine the shapen of all the mitres of the mouldings, 
assuming them to be planted in. 

4. (a) Give an illustration of the method of diminishing 
the section of a moulding. (&) Show how you find the section 
of a raking moulding, such as is used in the angle of a shop 
front. 

6. Show how you would iletermhui the section of an angle bar of 
a shop front, .also how the l>jir is connocUKl to the top and bottom 
rails and how the rails are joined at the angles. 

6. Show and explain fidly the method of obtaining the moulds 
for angle brackets for finishing the moulded bottom of an oriel bay 
window, half fictagon on plan. 

7. It is required to run a bracketed plaster cornice (24 inches 
girth) round a room, one angle of which is 75 degrees on plan, 
(live a plan .and section (1 inch scale to the foot) of the cornice, 
showing the bnackets and also an elevation of the angle bracket. 

8. Describe some different methods of l)cnding wo<xl for circular 
work other than steaming, also some ways of joining desk framing 
at angles. 

9. Tlie inside linings of a window opening are 0 in. wide, and arc 
(including the head) splajaal to the extent of in. Determine the 
bevels to wdiich the upper ends of the jambs must be cut. 

10. Explain fully how you w'oiild get out and put together the 
head of a sash, cireidar on plan and segmental in elevation. 

11. Describe tlic method td framing up a sasli circular on jdan 
and in elevation, showing, by drawing, the lines for getting out the 
moulds, etc. 

12. Show the method for obtaining the fac<5 mould of a solid door 
frame head “ circlc-on-circle.” 

13. A square lantern light, 0 feet internally, has in the centre an 
opening 1 foc^t 6 inches in diameter, octagonal on plan. The hips 
are moulded to the same section as the mouldings round the 
opening. Show by scale sketches how you would obtain the inter- 
section of the mouldings. 

14. Make a dniwing of sufficient of the plan and elov.ation of an 
octagonal dome 8 ft. in diameter boaidcd internally. All the 
applied geometry should he clearly shown in the drawings. (C. and 

15. Draw the construction of a small hemispherical dome 12 ft. in 
diameter, to be formed in the fiat niof of a billiard rt»om measuring 
20 ft. by 30 ft. Show the necessary trimming for supporting the 
dome, and the timber, etc. , of the dome itself. 

M.C.J. Q 
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Ifi. Draw to i inch scale, section through a room panelled in 
wood, with I full size details of cornice, oluir rail and skirting, 
Height of room 12 ft. 

17. A room, 20 ft. by 15 ft. has a bay window, fireplace, and two 
doorways. Describe the method of fixing the grounds to receive 
the skirtings, architraves, etc. 



CITY AND GUILDS OF LONDON INSTITUTE. 


DEPARTMEOT OF TECHNOLOGY. 

TECHNOLOGICAL EXAMINATIONS. 

CARPENTRY AND JOINERY. 

PRELIMINAHY EXAMINATION., 

InsiructimA. 

Candidates may take the Ordinary Gi'ade without having passed 
the Preliminary Examination ; or both Examinations may be taken 
in the same y(;ar. 

A sheet of drawing paper is supplied to each Candidate. 

Three houra are allowed for tJm paper. 

Not more than ten questions to he attempted. 


1. A metre =39*37079 ins. What 
is the area, in metres, of a room 31 ft, 
6 ins. by 12 ft. 6 ins. ? (30 marhi.) 

2. Divide a line 4J ins. long into 
tenths, and suMivide one such part 
into sixths ; dividtu-s not to l?e used. 
(25.) 

3. Make an oblong equal in area to 
the given figure. (30.) 
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4. The side of a circular tank, 7 ft. 6 ius. diameter and 3 ft. 9 ins. 
high, has to be covered externally with matchboard. How many 
square feet are required ? (35. ) 

5. Calculate the superficial area of the wall surface shown upon 
the diagram. (30.) 



6. The dimensioned sketch shows plan and soctiou of a roof ; it 
has to Ihj boarded. What will be the supci'ficial aj*ca of boarding 
required ? (30. ) 




7. A piece of timber is 20 ins. square at one end and \1 ins. 
square at the other, its length is 16 ft. 6 ins., wciglit 74 lbs. per 
cubic foot. Find the cubic contents and the weight. (40. ) 

8. A window is 4 ft. 3 ins. wide ; it has an elliptic arch rising 
10 ins. from the springing line. Make a drawing of the ecmtre for 
the arch. (25. ) 

9. Draw the plan and elevation of a cylinder 3 ins. diameter, 
4 ins. axis, standing on one end. The axis is cut by a plane inclined 
at 60** to the axis. Draw the seef'ion. (35. ) 
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10. Represent in isometric or oblique projection the following 
joints, and dimension the parts : 

(1) Haunched mortise and tenon. 

(2) Gr(X)ve and tongue for skirting. 

(3) Tusk tenon joint. 

(4) Mitre bridle joint. (30. ) 

1 1. Make the drauiiigs of a solid door frame, rebfited and beaded, 
to receive a 2-in. door 3 ft. wide, 6 ft. 3 ins. high. (35. )" 

12. A cubic foot of timber floating in water is submerged to a 
depth of inches. What is its spocifle gravity? Wheat weight 
placed on tlie top of the timlxii* will suffice to just submerge it? 
(40.) 

13. A beam 25 ft. long, w’eighing 15 cwt., is supported on two 
w'alLs ; it carries a load of 0 cw't. 12 ft. from one end, and 2 ewt. 4 ft. 
fnmi the other end. Find the pressures on the two w'alls. (40. ) 

14. Give a short description of the undermentioned saws, and the 
reason for the various shapes of the teeth : 

Dovetail mivi. 

Tenon ,, 

Hand ,, 

Rip M 

Bow' ,, (25.) 

15. Give a short description of the following timlnTs, and the 

uses to whit!h they may he. put : Mahogany, pitch pine, yellow deal. 

Also state the countries from w hich they are obtained. (25. ) 

16. Make a drawing of a collar Iniam roof, 16-ft. span. 

Or, 

Make a drawing of a dwairf cupboard front. (30.) 


Ivsinictiom. 

The Candidate, must confine himself to one grade only, the 
Oi*dinary or Honours, and mu.st state at the top of his pajxir of 
answers which grade he has selected. He must 7U)t answer questions 
in more than one grade. 

If ho has already passed in this subject, in the first class of the 
Ordinary Grade, ho must select his cpiestions from those of the 
Honours Grade. 

A sheet of drawdng paper is supplied to ca(;h Candidate. 

Drawing instruments to be used in this Examination. 

Four hours cUlouied/or this ya/per. 
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Ordinary Grade. 

y'ot more than ten quMtiona to he attempted. 

1. (a) Make sketches to show hqw oak logs are converted to 

obtain (1) timber of the"^ maximum strength, and (2) 
boai’ds for joiners’ work. 

(?j) What is water seasoning? How does it affect timber as 
compared with other forms of seasoning ? (25 marh^,) 

2. Some planes are fitted with pairs of irons, others with single 
irons. Why is this ? Give sketches to illustrate your answer. (25. ) 

3. Make the elevation, vertical and horizontal section of a 2-in. 
sash door, .3 ft. 3 ins. wide, and 6 ft. 9 ins. high, the bottom jruinels 
to be moulded. All construction to Ihj shown by dotted lines, and 
the drawings to be fully dimensioned. Scale, 1 in. to ft. (40.) 

4. Wliat would l>e the sectional area of an oak beam to carr^" a 
distributed load of 6 tons on a span of 10 ft. ? (35.) 

5. Make a i)lan to J-in. scale of an open newel staircase to fit 
the space sliowii ; the height from floor to flc>or is 10 ft. 3 in.s. 
Going to be 10 ins., rise not more than GJ ins., no winders. 
Number steps, and show all beaj'crs and carriages. Make a sec- 
tion J full size of trctid and riser, allowing framing and 
housing into string. (50.) 



6. Make drawing to show how a fireplace in a .single floor would 
be trimmed round. Seale, IJ ins. to 1 ft. (25.) 

7. Make sketches of the following joints : Secu’ct dovetail, mor- 
tise and tenon for the lookrail of a door, two forms of soarfiug joints, 
the meeting st^des of French casements. (30. ) 

8. The sketch shows a hrieJe arch in elevation and section ; make 
to a scale of 1 in. to 1 ft, an elevation and cross section of the 
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nebessary centre for its construction. How would you fix and 
strike the centre ? Tlie springing of the arch is assumed to be 10 ft. 
from the ground. (35. J 



9. Make a drawing, showing rather more than half elevation, and 
vertical section of a solid door franwi, wit h transom headed on one 
edge, rebatt'd and l>eaded on the other, to receive a 2in. d(K)r and a 
fanlight over door. Also make a skotcli to show the joint at the 
liead of tliO frame ; width of opening, 3 ft. 2 ins. ; height, 9 ft. (30.) 

10. Make detail drawing.s of a “box gutter” 9 ins. wide, and 
“ ccsspcx>l ” 6 ins. deep, showing how the u^ork is prepared for the 
plunil>or. State what fall the gutter should l>e given, and how far 
apart the drips should bo. (40, ) 

11. Draw rather more tlian half elevation of a framed and trussed 
partition, 18 ft. wide, 11 ft. 6 ins. high; the partition to have an 
opening in the centre for a pjiir of folding doors 7 ft. Mddo and 
7 ft. 3 ins. ill height. The partition has to carry its own weight 
and that of the floor alxjve. Fully dimension the scantlings used. 
Scale, 4 in. to 1 ft. (40.) 

12. The roof of an attic storey has a slope of 60 degrees, and the 
storey is 9 ft. high in the clear. The sill of a dormer window is 
3 ft. 6 ins. above the floor ; the window is 3 ft. wide, and as high as 
possible. Make elevation and section, or an isometric sketch, to a 
scale of 4 in. to a foot, showing the framkjg required to form the 
window, including chocks and roof and all trimming. No joinery 
need be shown. (35. ) 

13. A solid window-frame, 3 ft. 6 ins. wide and 2 ft. 3 ins. high, 
is fitted with a pair of 2 in. sashes hung with butts to open exter- 
nally. Make vertical and horizontal sections, showing how the wet 
would he kept out;^^ Choose your own scale. (30.) 
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]4. A roof has a span of 42 ft. Make a drawing of rather more 
than half elevation of the truss. Fully dimension the scantlings 
used. Scale, } in. to 1 ft. Also make sketches of the joints of the 
truss, about J full size. (40. ) 

1/). A framed dado is 2 ft. 9 ins. lii^h. Make drawing of the 
frame showing the construction and fixing, and how the external 
and internal angles would l>c secured. Scale, l^ ins. to 1 ft. (40.) 


Honours Grade. 

Written Examination. 

Candidates for JTofionrs mmt have previowify passed in the 
Ordinary Ornde^ and must have already forwanled to the Institute 
a specimen of their Practical Work. They are also required to attend 
an apjftroved centre for a Practical Test. 

Not more than ten questions to he attempted. 

1. Make half elevation, and vertical and horizontal sections of a 
circular-hotidcd cased sash-frame, fitted witli 2 in. double-hung 
Hashes. Show two methods of constructing the head of frame. 
(.35 marks.) 

2. Make a plan of the tiinlwrs of a dimblc-fraincd fh»or for the 
room shown, to a scale of J inch to 1 ft. Girders to be 10 ft. apail, 
and 14 ins. by 10 ins. ; binders, 10 ins. by 7 ins. Show all ofber 
timbers and figure sizo.s. (Jive section of girder J fnll size, slioAviiig 
framing of binders and bridging and ceiling joists. (3r>. ) 



3. Make half elevation, a vortical and horizontal section of a 
^•indow fitted with a pair of French casements with fanlight over. 
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Width of opening, 4 ft. 6 ins. ; height, 9 ft. 6 ins. Scale, I in. to 
1ft. (30.) 

4. A shop front, 14 ft. long, exclusive of any door, is to l3e 
arranged so as to light a basement storey by means of a glazed stall 
lioard 3 ft. high from pavement. The shop floor is 6 ins. above 
pavement, and 10 ins. thick. Make a section through stall board 
and sill of front, showing bulkhead in shop, and give elevation of 
bulkhead from shop, one half to show framing, the other half the 
finishing. Scale, ^ in. to 1 ft. (45. ) 

5. Make drawing sufBcient to show the construction of a jMiir of 
swing doors and frame, such as are used in first-olass office fittings. 
Scale, 1 in. to 1 ft. (35.) 

6. A geometrical staircase lias a veneered string. Show how the 
development of the string is obtained. Take any size of well-bole 
you please. (30.) 

7. Make an elevation, showing the framing of one of a pair of 
yard gates for an opening 12 ft. wide. Each gate to f)e 7 ft. 6 ins. 
high at meeting style, 9 ft. at hanging stylo, and to Ixs hung with 
strap hinge.M, ami to liave a moulded capping. The gate shown to 
liave a wicket door, not less than 2 ft. 3 ins. by 5 ft. 0 ins., formed 
in it. Scale, 1 in. to 1 ft. (35.) 


8. A stejijicd gallery extends across one end of a church 50 ft. 
wide ; the front of the gallery is fixed at each end to the external 
walls, and carried by tw'o cobnnns, each 12 ft. from the wall. 
Draw' a cross-section tlirough the gallery ; make jntivision for four 
rows of pews. The pews need not be shown. (35. ) 


9. Draw' a section and an 
tjlevation of a portion of the 
gallery’’ front in tlie foregoing 
question sufficient to show the 
construction. Tlie front has to 
provide a l)Ook-rest. (30. ) 

10. The sketch indicates the 
front of a detached house, w'ith- 
out a basement ; it is proposed 
to take out the whole of the 
ground-fioor wall, and to insert 
a girder on piers or stanchions 
with a view 'to forming a shop. 
Moke an elevation and section to 
i in. scale. Show tHe positions 

H.O.J. Q 2 
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of all dead and raking shorea and Btruts* and name all parts of the 
shore. Make a drawing ith full size of the head of a raking 
shore. (45. ) 

11. The sketch shown below is thf^, plan of a chamber covere<l 
by brick vaulting. Make drawingi sHowing how the centring is 
made, and provision for striking the same. All geometrical work 
to bo shown. (45.) 


A 



12. A staircase has an open string. The two steps at tJic foot of 
the staircase, thiougli w'hich the newel is mortised, i ixi “bull-nosod.” 
Make a plan and elevation, showing the fixing of the string to the 
steps ; also the fiidng for the balusters and newel. (4(K) 

1.3. A fluteil circular column, 18 ins. diameter at base, has a 
moulded l)ase and carved capital. Make a sketch to show Imw the 
base is built up, and how to joint up the column. Also make a 
smaller drawing to show how U» diminish the column. (40, ) 

14. Make a drawing of al)Out one-half of a mansard roof ; span, 
24 ft. ; trusses, 10 ft. apart. The low’cr part of the roof to have an 
inclination of 60 dogroos, the upper part J pitch. The tie-beam to 
carry a floor of 7-in. by 2-in. joists ; the underside of collar to be 
8 ft. al)Ovo the floor. Indicate all ironwork necessary for the roof. 
Scale, 1 in. to 1 ft. (45. ) 

15. What is the cause of “dry rot”? If a building is attacked 
by it, what st^s should be taken ? (25. ) 
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DEPARTMENT OP TECHNOLOGY. 

TECHNOLOGICAL EXAMINATIONS. 

CARPENTRY AND JOINERY. 

(»RADE I. 

Imfruetiom. 

No Certificates will he awarded cm the results of this Examination, 
but the Candidates’ successes >vill lx? notified. 

A aheet of drawing f taper is Aupplied to each Candidate. 

The maximum number of marks oblainablo is affixed to each 
question. 

Three hours allowed for ihh paper. 

Not leM than two qnesfions must be attempted in each section and 
not more than nine in all. 


Section I. 

1. Give the superficial area in metric dimensions of an equilateral 
triangle having a base 4 ins. in length. (20.) 

2. A circle has an area of 16*5 sq, ft. What is the diameter of 
a circle containing two-thirds of this area? (25.) 

3. A lino 1 decimetre in length is Ui represent 2 ft, 3 ins. ; 
construct the necessary scale to read inches. (20. ) 

4. What is the superficial area of a notice board 7 ft. 8} ins. by 
2 ft. ins. (obtain your answer by duodecimals) ? (25.) 

5. The curve of an O.G. moulding is formed by the intersection 
of the arcs of two exipclee, one having a radius of H in. and angle of 
215”, the other havii^ a radius of 2 ins. and angle of 125^. Show by 
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drawing how the correct intersection is obtained, and determine the 
lengths of the curves. (20.) 

6. With your compasses set out an angle of 37° 30' (all working 
lines to be left in). (25.) 

Secttion II. * 

7. A gallows bnickct as shown in sketch supports a load of 25 lbs. 
at the point marked IT. Show by diagram the stress in the various 
meml)ors. Also give the names of the various diagrams used, and 
their pvrts. Scale, i inch = 1 lb. (25. ) 



8. A beam with a span of 25 ft. supports a load of 17 tons 5 owts. 
at a point 5 ft. from one end ; what weight is carried by each 
support? (30.) 

9. The screw of a joiner's cramp has a pitch of ^ in., and the 
lever is 8 ins. in length from the axis of the screw. Neglecting the 
effect of friction, what pressure will the cramp exert when a force of 
25 lbs. is applied to the end of the lever ? (35.) 

Section III. 

10. Write a brief account of the uses, and give sketches to 
illustrate the difference between the following chisels : — ^Firmer, 
socket, paring and mortice. (25.) 

1 1. State what you know about the following woods : — Basswood, 
pitohpine, boeoh. (30.) 
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12. Give the plan and elevation of a hexagonal -based prism 
standing on its base. Give also the section cut by a plane which is 
inclinexl at 30° to the horiz<jntal, the horizontal trace being HT 
(see diagram). Side of base = 1*25 ins. ; height, 2*76 ins. (35.) 



H T 

13. Find the cubic contents of the solid in the ions question. 
(30.) 

14. What is (a) housing, (6) mitreing, (c) scribing? Make neat 
sketches to illustrate your answer. (30.) 

15. Carefully draw, to a scale of J full size, a cupboard door and 
franie 3 ft. by 2 ft. overall, frame to be made out of 3 in. by IJ in. 
with g in. bead on edge, door square framed, top rail and stiles 3 ins. 
by li in., bottom rail 4 ins. by IJ in. (35.) 

l(i. Show fidl size, in i.Mometric projection, the dovetailed angle 
between two pieces of 6-in. by IJ-in. (30.) 


Gkade II. 

CandidateH mustt have yjowwd fhe Prdhninary KxamhuUion, unless 
over Iweviy-one years of age, or certified hy their U achers to possess an 
adequate knowledge of the subjects included in (he present syllabus for 
ijrade L 

The number of the question must be placed before the answer in 
tlie worked paper. 

A sheet of draioing paper is supplied to each Candidate. 

Drawing instruments to be used in this Examination. 

Four hours allowf^for this paper. 
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The maximuin number of marks obtainable is aillxed to each 
question. 

Tlie student must assume, unless the contrary is stated, that 
constructions are to involve the use of carpenters’ work alone, and 
that girders, struts, and other similar ttiembers must not Ih*. shown 
as of steel or iron where wood can be employed. The use of iron 
should be confined to such purposes as fastenings. 

S'ot inore than nine quuistions to l)c atte,mpl€d. 

1. Draw a complete elevation of an elliptical bull’s-eye frame, 
with 2'in. sash ; frame to l)e 4.^ ins. by 3 ins., moulded, beaded and 
rebated. Horizontal axis 5 ft., vortical axis 1 ft. 6 ins. Scale, 1 in. 
to 1 ft. Show section quarter full size of the frame and sash. (35. ) 

2. Show tlie dihedral angle between two planes, both of which 
are inclined to the horizontal at 35 degrees, their horizontal 
traces meeting at an angle of 70 degrees. What w'cmld tliis 
bevel be known as in practical roof work ? (30. ) 

3. Develop the surfaces, half full size, of a c^diiider 
6 ins. high, 2 ins. diameter, and state the total areft. (25.) , 

4. Show the intersection at right angles, i»i clev'ation, 
between the architrave A and the skirting li. Make your 
drawing to twipe the size of the given sketch. (35.) 

5. Draw correctly the joint between the prit\oipal rafter 
and the tie beam of a king post roof truss, the principal 
rafter to be 8 ins. by 4 ins. and the tie beam 12 ins. by 
4 ins. Show, by arrows, the direction of forces usually 
set up at this joint, and clearly show the angle resisting 
the thrust. Scale, 1 in. to 1 ft. (25. ) 

6. Clearly and fully describe how a beam 14 ins. by 
8 ins. should Ijc Hitched. Make drawing, quarter full sizi*, 
showing section of the beam Hitched. (25.) 

7. Give drawings to a scale of 2 ins. to 1 ft. of what 
you consider the conxjct proportion between the various 
members of a cased frame and double-hung sashes. (.30. ) 

8. Show the sotting out, as on a rod, for a pair of 
framed, ledged and braced gates, 8 ft. wide, 9 ft. high, 
2} las. thick, with suitable capping. Scale, iVth. (30.) 

9. Give full particulars, with drawings, quarter full 
Question 4. to illustrate tlie method of hanging and fastening 
the gates referred to in question 8, supposing them to be hung to 
oak posts 12 ins. square. (30.) 
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10. In a space 10 ft. square, to J*in. scale, show the plan of an 
open newelled siairease 3 ft. wide. Give details, half full size, 
for best quality work of a tread and riser; ILins. going. Bins, 
rise. (30.) 

11. How would you apply the steel square to obtain the lengths 
and bevels for a common rafter in a half-pitched roof of 20 ft. 
span ? (20. ) 

12. It is decided to use a 12-in. by 4-iri. cill for a dormer window, 
with double-hung sashes, fixed in a very much exposed position. 
It is desired to prevent the wind and rain from driving in, and to 
use the most durable wood. Give section, half full size, of the cill, 
and state what wood should Ik: used. (20. ) 

13. Panelled maliogany pipe casings 1 in. thick are to li )0 fixed to 
enclose a 6-in. lead soil pipe, which is fixed on the face of a wall. 
Show, to IJ-iii. scale, the necessary grounds and finishings for 
plasterer’s work, and also the method of con.structing and fixing the 
casings, which arc to lx: prepared for easy removal. (40.) 

14. 'J'he bra«*ket shown in sketch is fixed for a plaster cornice. 
What will btJ tlie shape of a bracket to bo fixed in the corner of a 
r<K)m which forms on plan an angle of 70 degrees ? Scale, 3 iTis. to 
ift. (40.) 


> 



15. A trench 10 ft. deep and 5 ft. wide is formed in loose sandy 
soil. Show, in section, how you would timber the sides of the 
trench to make secure. Figure in size of timbers you would use. 
Scale, 4 in. to 1 ft. (30.) 

16. Describe the following timbers Yellow baulk, yellow 
battens, tariff boards, birch and Kauri pine. Give the principal 
uses of any two. What is meant by star shakes? (25.) 

17. Make skotohes, and describe uses of, the router, spokoebave 
bevel, compasses eiiiid scribing gouge. (20.) 
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18. A ohimney rises through the slope of a roof. Give sketches 
showing the roof timbers, trimmed to clear. Show clearly the 
different joints between trimmers and common rafters, also of gutter 
formed at the highest part of slope behind stack. Figure in sizes of 
timbers used. Scale, j in. (35.) 

19. Draw to a scale of 1 in. to a foot elevation and vertical section 
of a six-panel door 6 ft. 9 ins. by 2 ft. 9 ins. and 2 ins. thick. Show 
middle rail prepared for mortice lock. The panels to be boloction 
moulded one side and bead and Rush the other. (25.) 





20. Show, in section, not Jess than three floor joists, with pugging 
boards and flooring laid, with splayed heading joints. Draw vertical 
isetion through A A showing trimmer joist 9 ins. by 4 ins., common 
joist 9 ins. by 2^ ins., and all preparation for carrying the hearth. 
Scale, 3 in. to 1 ft. (35.) 
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Final Examination. 

(W KITTEN Exam in ation. ) 

Instructions, 

Candidates for the Final Examination must have preinomly passed 
in the Ordinary Orade^ and, must forward to the Institute specimens 
of their Practical Work, They are also required to attend fm* the. 
Practiced. Test, 

The number of the question must bo placed before the answer in 
the worked paper. 

A sheet of drawing 'paper is hxqqiiied to each Candidate, 

Drawing instruments to be used in this Examination. 

Four hoiir 'i allowed for this paper. 

The maximum nuriibcr of marks obtainable is affixed to each 
question. 

The Student must assume, unless the contiury is stated, that 
constructions are to involve the use of Carpenter’s work alone, and 
that girders, struts, and other similar memhers must not tie sho^ii 
as of steel or iron where wchhI can be e.mploycd. The use of iron 
should be confined to such puiqxises as fastenings. 


Fot more than nine questions to he attempted. 

1. A conical roof, having a diameter of 10 ft. and an altitude of 
18 ft., is cutback for a vertical })ediment, the chord of the inter- 
se(?tioii being 7 ft. Draw the curve of intersection and give its 
name. (35. ) 

2. The body-range of a semi-circular vault is 10 ft. wide. It is 

penetrated by the soffit lining of a semi-heoded window 4 ft. in 
diameter, both springing lines being in the same Give the 

plan of intei-penetration and the development of the lining. (35.) 

3. It is necessary to insert two winders in a “ half space ” between 
two flights of stairs. The well hole is 2 ft. in diameter. Draw the 
plan of the stairs ; state the proportion you have adopted between 
the tread and riser ; and make complete drawings of the handrail 
moulds and l>evels. Scale 2 ins. to 1 ft. (40. ) 

4. Develop the string and show' the spacing of balusters in the 
previous question. (!25.) 

M.C.J. 
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5. The plan, elevation, and section of a certain moulding is given 
in the diagram ; show how you would propose to make a satisfactory 
intersection at point A, varying the sections where you consider it 
necessary. (30.) 



\ 

/ N 

<1 

6. A gate 19 ft. wide by (i ft, liigli is required b)r a goods yard. 
Give an elevation of the inside of the gate, showing tlie method of 
bracing, and give detailed particulars of th(^ joints and sections you 
consider important. Show what means you would adopt to relievo 
the strain on the hanging post. Scale of elevation h in. to 1 ft., 
details quarter full size. (.30,1 

7. A floor is to be laid with JJ-in. oak. ** cleft sawn iu 4'in. 
widths and swret nailed. Fully describe the method of converting 
tlie logs from which the floorboards are to be preparefl, giving 
sketches to illustrate your answer. State what kind of oak you 
M’ould use, and give reasons. (40.) 

8. What machines would you use, and how would you prepare 
the fl<x)ring referred to in the previous question ? State the speed 
of rotation and rate of feed you would recomnienid. (25.) 

0. The diagram shows a space in an old building where stairs 
have to be erected ; prepare a list of the necessary particulars 
and dimensions for inserting the trimming and constructing the 
stairs. (30.) 

{For Diagrct^^ee page 499.) 
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10. A liaulk of pitcli-pine over a 15*ft. span will l>e loaded in the 
centre with 8 tons. What must be its section ? (25.) 

11. Fully describe the method of preparing glue for joiners’ work, 
and specify the quality you would recommend. (25.) 

12. An egg-shaped sewor, 6 ft. by 3 ft. 4 ins. internal dimensions, 

constructed of brickwork, is to 
l>c laid at a depth of 16 ft. in 
firm soil. Give drawings show- 
ing fully the necessary tiinlM3ring 
for the trench. Scale, J in. to 
1 ft. (30.) 

13. Give full particulars, with 
drawings to scale of J in. to I ft., 
of the necessary centering to 
the sewer mentioned in the 
previous question. (25. ) 

14. The section is given of a 
largt^ entablature, semi-circular 
in plan, 7 ft. outside radius. 
Show the mcth(Kl of building up 
and jointing. The material w'ill 

mahogany polished. Scale, 
J in. to 1 ft (25.) 

Question 14. jr, sections and eleva- 

tions illustrating masons' and bi.shops' mitres. (25.) 

16. Give complete drawings of an air-tight drawer (for specimens) 
fitted with glass top. Size 2 ft. by 1 ft. 10 ins. by 8 ins. high. 
Scale, 2 ins. to 1 ft. (35.) 

17. It is necessary to use freshly-cut oak boards for a high-class 
flour, prepared for polishing. Describe what process of seasoning 
you would adopt to enable the lioards to be immediately used. (40.) 




ANSWERS 


CiiArTER IV. {p. 105). 

1. 35*56 erne. 2. 3716 sq. oins. 3.17. 61. 264. 

4. 17 ft. nearly. 5. 6*24 ft. =6 ft. 3 in, nearly. 

6. 7 ft. '2h in. 10 ft. 7.!i in. *20 ft. 6 in. 29 ft. 4J in. 

7. 161 *45 flq. ft. 8. 6 sq. inotrcH. 

11. 4;^*45 8q. ft. 13. 10 ft. 

15. 137*47 sq. ft. 

17. 258 cub. ft. £210.8. 7J(1. 


10. 405J sq. ft. 
14. 4 ft. 11^ in. 
16. 1058 cub. ft. 

18. 10.3t cub. ft. 


19. 163*67 cub. ft. 


20. 8*66 cub. ft. 


Chaptkk XII. (p. 343). 

11. 5 cwts. 2.3i lbs. 12. 4*16 inches from one end. 13. 50% more. 

14. lO.Jj cwts. at end nearest kwwl, 4i cwts, at the other end. 

15. 9 tons at one end, 3 tons at the other end. 

16. 7 cwts. at one end, 5 ow(s. at the other end. 

17. Maximum carrying capacity (a) 360 cwts., (h) 240 cwts. Safe 

distributed load (a) 144 cwts., (h) 96 cwts. 

18. 5 inches brood. 

19. 5*9 inches deep by 8*26 inches broad, -n* 7*4 inches deep by 

5*3 inches broad. 

20. 104 inches deep by 7i inches broad, or 9 inches deep by 7i 

inches broad with a W.I. flitch 8 inches by J inch thick. 

21. 20 inches deep by 15 inches btx».d, or 18 inches deep by 13 

inches brood with a 17 inches by IJ inches W.I. flitch. 

22. Slightly more than one-third 
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Acuto angle, 2.*?, 28. 

Adze, 121. 

Angle, acute, 23, 28 : l)a)‘s, 468-9 ; 
beads, 479 ; brackcta, 470 ; 
dovetail joint, 185; joint s, 108, 
183-4 : measurement of an, 22, 
lOS ; obtuse, 23, 28; light, 
23, 28 ; tie, 249. 

Annual rings, 2. 

Applied geometry in roof (ion- 
.sti’uotion, 246-r)5. 

Ajiron linings, 444. / 

Arch, brick trimmer, 197-9; 
coach -headed trimmer, 2(KK 

Architrave, 308, 404. 

Area of. a circle', t)7 ; an ellipse, 
99; a polygon, 94; a rectilineal 
figure, 1)0 ; a sepia re, 90 ; a 
triangle, 91. 

Arrangement of workshop, 460. 

Ash, 18. 

Astragallxjad, 181. 

Auger braqc bit, 123-4. 

Axe, 121. 

Back or tenon saw, 1 13. 

Backftap hinge, 373. 

Back-iron of a plane iron, 115. 

Backing of liip mfter, 251 . 

Back shore, 

Balancing treads, 431, 453. 

Balusters, 454-6. 

Band and ipidgeon, 375. 

Band moulding, 368. 

Band saws, 135-7. 

Bare-faced tenon joint, 170, 348. 

Barge boards, 240, 418. 


Bar s, angle, 468-9. 

Basswood, 19. 

Bay window, 399-401. 

Beech, 18. 

Bead, angle, 479 ; astragal, 181 ; 
cock, 182; flush, J8I ; plane, 
119; statr, 181. 

Beams, lengthening of, 163 ; 
strength of w(Xk1oii. 331, 336; 
stresses in, 160. 

Bench, vice, 124; holdfast, 126. 

Benches, 460. 

Bonding moment, 333 ; diagram, 
334-6. 

Bevels at ends of, hip and valley 
rafUjrs, 248 ; jack rafters, 253; 
purlins, 252. 

Birch, 18. 

Bird’s-mouth joint, 221). 

Bhxjk, mitre, 4f>7. 

Boanls, edge joints for wide, 187 ; 
floor, 210-2 ; match, 186, 267 ; 
skirting, 478. 

Bolts, as fastenings, 175 ; hand- 
rail, 183, 456, 477 ; joint, 176, 
183 ; lewis or rag, 177, 366. 

Boucherie’s system of seasoning, 

12 . 

Bow or turning saw% 1 14. 

Bow's notation, 311, 317. 

Bow-string roof truss, 241. 

Box gutter, 234. 

Box shutters, 405. 

Box, mitre, ^7. 

Brace, 122; bits, 1224. 

Braces, 261, 278. 

Bracksited stair, 438- 
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Bracketed string, 432, 439. 

Brackets, angle, 470. 

Brad awl, 1^. 

Brads, 179, 211. 

Bressummor, 162. 

Brick, nogging, 265 j trimmer 
tarch, 197-9. 

Biicklayers’ scaftbld, 276-7. 

Bridging, joists, 194 ; herring 
bone, 200. 

Bi idle joint, 174, 262. 

British and metric methods of 
measurement, 86. 

Bullnose, stei), 432, 442-3 ; plane, 
118. 

Burnett’s process of seasoning. 

Butt hinges, 372. 

Calculations, 85. 

Calculating, nieasuremeiit of 
timber, 100 ; .strength of 
wooden l>eams, 336. 

Cambium, 1. 

Canadian red pine, 16, 

Canary wood, 19. 

Cantilever, 332. 

Carriages, rough stair, 444-5. 

Casement windows, 384 ; fas- 
teners for, 408 ; to op<*n in- 
wards, 384-6 ; to open out- 
wards, 386. 

Cast iron, columns, 204-5 ; gut- 
ters, 234 ; struts, 230-2. 

Ceiling joists, 193, 195, 202, 218, 
232. 

Cenujiit concrete, 208. 

Centre bit, 123. 

Centres, for arches, 293-9. 

Chalked line, 110. 

Cliariot plane, 119. 

Charring of timber, 11. 

Chase mortise joint, 173, 203. 

Chestnut, 18. 

Chisels, 120. 

Chord of a circle, 24. 

Circle, 23 ; area of a, 97 ; peri- 
phery of a, 25. 

Oirclo-on-circlo, centre for arch, 
297-8 ; framing of, 474-5. 

Circles, concentric, 25. 

Circular saws, 138-4;1^ 


Circumscribed figures, 36. 
Clamped joint, 189. 

Clasp nails, 178 ; cut, 179 ; 
wrtmght, 179. 

Classification of joints, 159. 
Gloat, 174-6, 280. 

Close string board, 432, 438. 
Clout nails, 179. 

Coach screws, 175, 280. , 
Cooch-headod trimmer arch, 200. 
Cock bead, 182. 

Coffer-dam, 286. 

Cogged joint, 174, 202, 220. 
Collar beam, 219, 220. 

Collar l)eam roof, 219. 

Columns, cast iron, 204-5. 
Commode step, 431, 444, 453. 
O^mmon ratters, 215, 217 ; 

lengths and bevels of, 240-7. 
Compass, saw, 114 ; plane, 117. 
Comf)asses, 109. 

(]!omponent forces, 297-8, .307. 
Conj|)OBite roof truss, 22?1-31. 
Compression sti'ess, 331. 
Concrete, 208. 

Conifers, 1. 

(Wservatories, 424-7. 
Construction of joints, principles 
governing, 158. 

Converting of timlxjr, 4. 
Co-ordinate planes, 50. 
Corbelling, 196. 

Couple roof, 216-7. 

Cradling, x>ondentive, 476-7. 
Crami>, floor, 120, 212; G., 126; 

sash, 125. 

Creosote uil, 11. 

(yn)ss-cut saw, 112, 133, 1.35. 
CrosB-grwjving, 185. 
Cross-tonguo, 171-183. 

Cube, 51. 

Cubic or solid measure, 100-5. 
Cujj shakes, 9. 

Chirtail st4*p, 432, 442-3. 

Cut string, 432, 439. 

Cutting gauge, 109. 

Cutting tools, 111-21. 

Cylinder, 52. 

Dancing or balancing treads, 
431, 453. 

Dead shores, 287, 291-2. 
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Deal, red, 14, 211 ; white, 14, 
211 ; yellow, 14, 211. 

Deal frame saws, 130, 132-3. 

Defects of timber, 8. 

Deflection, 339. 

Derrick towers, 280-1. 

Dcsicoation of timlier, 8. 

Development of Holid.s, 77-82. 

Diagram, bending moment, 334-6; 
polar, 317 ; reciprocal, 317. 

Dimensions of floor boards, 210. 

Diminishing figures, 46. 

Duatiness, 10. 

Dog. iron, 174, 280, 297. 

Dogleggeil stairs, 433, 435, 449, 
450. 

Door, fa.stenings, 376 ; frames, 
3ti4-71; framing, 348-9; setting 
out of framing for, 463. 

Doors, 346-80; double margin, 
358 ; framed, ledged and 
braced, 346-52; folding, 358; 
ledged, .346-7 ; lodged and 
braced, 346-7 ; panelled, 353- 
69 ; sash, 358 ; superior, 369 ; 
vestibule, 360, 365, 367. 

Dormer windows, 418-i^ 

Dovetail, angle joints, 185 ; 
halved joint, 220 ; keys, 188 ; 
saw, 113 ; tenon joint, 173. 

Double floor, 193, 201-3. 

Double margin door, 358. 

Double tenon joint, 171. 

Double quirked bead, 181. 

Dragon piece, 249. 

Draw boring, 177. 

Draw knife, 121. 

Drawing instruments, 21. 

Druxincss, 9. 

Dry rot, 10, 195. 

Eaves, of a roof, 215, 232 ; gutter, 
232 ; overhanging, 233. 

Edge joints, 186. 

Electric seasoning, 12. 

Ellipse, 73. 

Encasing of girders, 208. 

Enlarging and diminishing 
flj^res, 46. 

Equilateral triangle, 28. 

Equilibrant of forces, 310. 

Equilibrium of forces, 307-8, 319. 


Expanding brace bit, 124. 

Excavations, timbering of, 285. 

Face marks, 461. 

Face mould, 475. 

Fai^ight, 366. 

Fascia board, 233. 

Fasteners, window, 407 ; sasli, 
408. 

Fastenings for carpenters’ joints, 
174. 

Felling of trees, 4. 

Fillets, 203. 

Fillister, sash, 119. 

Fir, Scotch, 14 ; spruce, 14. 

Fireclay blocks, 209. 

Fire-resisting fltK)rs, 208. 

Firmer chisel, 120. 

Fished joint, 164. 

Fixed skylights, 412-4. 

Fixing of, joiners’ work, 477; 
window frames, 402. 

Flitcjhod girders, 102. ♦ 

Flight of stairs, 430. 

Floor boaitl joints, 210-1. 

Floor cramps, 126, 212. 

Floor joists, 193. 

Floors, dc^ublc, 193-201 ; fire- 
resisting, 208; framed, 193 
203; method of laying, 211; 
single, 193-4; W'uodcri block 
209. 

Flush bead, 182. 

Fluting, 182. 

Flying shores, 287, 290. 

Folding doors, 358. 

Force, nature of a, 306. 

Forces, parallel, 318-27 ; parallel- 
ogram of, 308 ; jxjlvgon of, 
315-7; triangle of, 311. 

Formula for wooden beams, 337. 

Forstiier brace bit, 124. 

Fox-wedging, 172. 

Foxincss, 10. 

Framed floors, 193, 203. 

Framed, ledged and braced doors, 
346-52. 

Framed and panelled doors, 
353-69. 

Framed roof tros&es, 216, 220. 

Fm^med and trussed partitions, 
260-5. 
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Framed wooden buildings, 266- 
72. 

Frames, door, .S64-71 ; window, 
402. 

Fulorum, 318. 

F iiiicular or link polygon, 317. 

G-crainp, 126. 

(aabics, 240. 

Gantries, 278-9. 

G*iuge, cutting, 109 ; marking, 
108; mortise, 108; thumb, 109. 
flencral joiner, 162-6. 
(Tcoinetrical dofinitions, 23. 
Geometrical stairs, 433. 461, 
463-4. 

Geometry, solid, 49. 

(aibs and cotters, 223-4. 

Gimlet, 122. 

Girders, encasing of, 208 ; 
fliteliod, 161-2, 204; trussed, 
162-3 ; wrought iron and steel, 
206-7. 

(auo, 187, 189. 

< Uue- blocks, 1 89-90. 

(iothic r<K)f truss, 242-5. 

(iouges, 120, 

(.Iraphio do termination of areas, 

Gravity, specific, 342. 
Greenheart, 19. 

Greenhouses, 424-7. 

Ground line, 60. 

(rroiinds, 370, 477. 

(luard boards, 278. 

Guard rails, 278. 

(rudgoons, bands and, ,375. 

(iuide piles, 285-6. 

Gutter, behind (ihimney, 239 ; 
In^hind parapet wall, 2J14 ; cast 
iron, 234; eaves, 232; lead, 
234; parallel, 234; tapering, 
234, 2:16-7. 

H-hinges, 371. 

Half timber work, 269-72. 
Half-space landing, 431, 436, 
444. 

Halv^ joints, 182, 262. 

Halved and cogged joint, 220. 
Halving, 166-8. 

Hammer-headed roof truss, 246. 


Hammer-headed key, 167, 188. 

Handrail bolt, 183, 466. 

Handrails, 461 ; rauipcMl, 466 ; 
swan-neck in, 456. 

Hanging of sashes, 396-9. 

Hardwood trees, 4. 

Haunched tenon joint, 170, 348. 

Heading joints, 183, 211. 

Heart shakes, 9. 

Heartwood, 2. 

Heptagon, 35. 

Herring-hone lu'idging, 200. 

Hexagon, 34. 

Hinged skylight, 414-8. 

Hinges, l>aekiia}>, 373; l)ands 
and gudgeons, 376 ; butt, 37'^; 
parliament, :173 ; pe\i' or egg- 
j<unt, .373 ; projecting butt, 
:172; rising butt, .372; spring, 
:i74. 

Hip, 216, 246. 

Hip rafters, 216 ; backing of, 
251 ; lengths and bevels of, 
24S-9. 

Holdfast, bench, 126. 

Hollow-ground saws, 142. 

Horizontal log frame saws, 132, 
134. 

Horizontal trace, (>2. 

Hospital liglit, 31*f), 3(W. 

IJot-air seasoning, 8. 

Housed joint, 68-9, 198. 

Hyperlwla, 76-7. 

Inclined forces, 317. 

Inclined planes, 62. 

Injury caused by animals, 10, 

Jnscrilxjd figures, 36. 

Inside dcx)r fi’amos, 368. 

Tn.strunients, drawMiig, 21. 

Intiu-tie, 264. 

Iron, bolts, 222 ; columns, 204-5 ; 
dowels, dog, 174,212,280, 
297 ; girders, 2(® ; planes, 1 17 ; 
purlins, 218. 

Isoseeles triangle, 28 

Jack plane, 116. 

Jack rafter, 216 ; lengtlis and 
lievels of, 263. 

Jarrah wood, 19. 

Jib crane, 281 
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Joiners' work, ii?cing of, 477. 

Joint, angle, 184 ; oetwoen king 
post find tie-beam, 223 ; l)e- 
tween tread and riser, 437 ; 
birci’s-mouth, 220 ; bridle, 262 ; 
butt, 183 ; chase mortise, 203 ; 
clamped, 189 ; cogged, 2(>2, 
220; dovetail, 185, 220; at 
foot of priru'ipal rafter, 221 ; 
halved, 182, 220, 262 ; at head 
of principal rafter, 222 ; at 
head of queen post, 226 ; mor- 
tise and tenon, 169, 180, 34S, 
403 ; rule, 188, 374 ; stump 
tenon, 262, 348; tu>sk-tcnoii, 
171, 198, 22,3. 

Joint bolt, 176, 183, 223-4. 

Jointing plane, 1 1 7. 

Joints and fastenings, 15S, 174. 

Joints, classiOeatioii of, 159 ; 
floor board, 210; heading, 183; 
boused, 184, 198; in door 
framing, 348-9; keyed, 188-9; 
lengthening, 182; mitred, 184, 
467-8; scarfed, 182; scribed, 
185. 

Joists, bridging, 194; ceiling, 
193, 195, 202, 218, «32; di- 
mensions of, 193 ; tnraiuing, 
197. 

Key, hammer-heiuled, 182, 188. 

Keyed joint, 167, 188-9. 

King-bolt, 229. 

King post truss, 221. 

Knots, 8. 

Kyan’s process of seasoning 
timW, 12. 

Ladder.^, 275. 

Laminated string, 440. 

Lantern lights, ^20. 

Lap dovetail joint, 1 85. 

Lapped joints, 104, 169. 

Inarch, 16. 

I.4itoh&s, door, 376. 

Lay lights, 424. 

Laying floors, method of, 211. 

Le^, covered roof.s, 240; drip, 
238 ; gutter, 234 ; roll, 238. 

Lean-to roof, 216. 

Xjcdged and braced doors, 346-7. 


Ledgers, 277. 

Lengths and Ixivels of, common 
rafters, 246-7 ; hip and valley 
rafters, 248-9 ; jack rafters, 
253. 

fjeng^hening joints, 16.3, 182. 

Levels, 318. 

Lewis or rag lK>lt, 177. 

Line of nosings, 430. 

Linings, apron, 4^14 ; jamb, 368 ; 
splayed, 472-3. 

Loaded Ijcams with stress dia- 
grams, 319-27. 

Locks, door, 376 ; mortise, 377. 

Ijog frame saw, horizontal, 132-*^ ; 
vortical, 129-31. 

Machines, l>and saw, 13.')- 7 ; cii*- 
oiilar saw, 138-41 : cross-cut 
} saw, 1.33-5 ; deal frame saw, 

} 130, 132-3 ; liori/ontal log 

) frame, 132-4 ; mortising, 151-3 ; 

j moulding, 148 ; panel planing, 

; 146; planing, 144-7; saw 

i sharpening, 142-4 ; surface 

! planing, 145; tenoning, 150; 

thicknossing, 146 ; vei lical log 
frame, 129«31 ; viu'tical spindle 
moulding, 148. 

Mahogany, 17. 

Mansiird roof truss, 242. 

Maple, 18. 

Margin Ouiiplatc, 4.36-7. 

Marking gauge, 108. 

Masons’ scatVold, 278. 

Match boarfling, ]8(i. 

Measurement of, augU‘s, 22, 1 08 ; 
length, *22. 

Measuring and testing tools, 
107-11. 

Meohanics of carpentry, 306-45. 

Me<l Hilary rays, 2. 

Mensuration, 85-106. 

Method of, calculating timber, 
100 ; laying floors, 211. 

Metric measurement, 22, 85. 

Mitre, block, 467 ; b<jx, 467 ; 
; template, 466. 

Mitred joint, 184-5, 356, 467-8. 

Mitring, 466. 

Moulding, raking, 468-9. 

Mouldings, 181 ; band, .368, 404. 
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Nails, 179. 

Natural seasoning, 7. 

Needle shores, 287-9. 

Newel post, 439, 4.50, 452, 455. 
Noden Bretenueau method of 
seasoning timl)er, 12. 

Nogging, brick, 265. 

Northern pine, 14. 

Nose bit, 123. 

Nosings, line of, 430. 

Notch boards, 447.L 

Oak, 16. 

Oblique planes, 62-9. 

Obtuse, angle, 23; angled tri- 
angle, 28. 

Octagon, 35. 

Octahedron, 52. 

Offsets, li)6. 

Oilstone, 119. 

Open ncM'cl stairs, 432, 440, 
451-2. 

Oregon ijinc, 10. 

Overhanging oa\es, 233. 
Oversailing courses, 196. 

Pad saw, 1 14. 

Paint, 11. 

Panel, plane, 117 ; planer, 146; 
saw, 112. 

PantiUod doors, 353-69. 

Parabola, 76-7. 

Parallel forces, 318. 

Parallel gutter, 234. 
I'arallelograni, :12. 

Parallelogram of forces, 308. 
Parapet wall, gutter behind a, 
234. 

Paring chisel, 120. 

Parliament hinge, 373. 
Pendentive cradling, 476-7. 
Periphery of a circle, 25. 

Pew or egg-joint hinge, 373. 
Piles, 285-6. 

Pillars, cast-iron, 204. 

Pitch board, 436. 

Pitch pine, 15, 211. 

Pivot^ or swing sash, 386-8. 
Plane geometry, 21. 

Plane ii*on, 115. 

Planes, inclined, 62 ; oblique, 
62-9. 


Planing machine, 144-7. 

Plough, 118. 

Plugs, wooden, 178. 

Plumb, bob, 110; line, 110; 
rule, 110. 

Polar diagram, 317. 

Pole plate, 234-5. 

Poling boards, 282. 

Polygon, 33 ; area of a, 94. 
Preservation of timber, 11. 
Princess post, 227. 

Principal rafter, 221, 226. 
Principles governing the con- 
struction of joints, 158. 

Pi-ism, 51. 

1‘rojeoting butt hinges, 372-3. 
Projection, of lines, 58-61 ; of 
solids, 53-7 ; orthographic, 50. 
Pi‘oj)ortion, 41. 

Proportion of tread to riser, 
433-4. 

Protractor, 23. 

Pugging, 201. 

Pulleys, 240-2. 

Purlins, 216-8 ; iron, 218. 
Putlogs, 277. 

P3'^raniid, 52. 

Pyramid roof, 246. 

Qiiadi'ilateral figures, 32. 
Quadrants, 408, 427. 

Qualities c»f good timlwr, 13. 
Quarter spticc landing, 430, 435, 
444, 451, 454. 

Queen-post roof truss, 225-S. 
Quirked licad, 181. 

Rafter, common, 215, 217, 246-7 ; 
hip, 216, 246, 248-9; jack, 
216, 253 ; principtil, 221-2, 246 ; 
valley, 216, 246, 248-9. 

Rag or lewis bolt. 177, Ji66. 
Raking, mouldings, 468-9 ; 

shores, 287. 

Ramped handrail, 456, 

Rebate plane, 1 1 8. 

Reciprocal diagram, 317. 
Rectangle, 33. 

Red deal, 14, 211. 

Reeding, 182. 

Relative density, 342. 

Resultant of forces, 307. 
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Rider ahore, 290. 

Ridge, 215. 

Ridge piece or tree, 215. 

Right angled triangle, 28. 

Right anglcH, 2.3. 

Rindgalls, 10. 

Rings, annual, 2. 

Ripsaw, 111-2. 

Rising butt hinges, 872. 

Rod, setting out, 402-5. 

Roof, apjdied geometry in the 
construction of a, 246; couph?, 
216 ; lean-tcj, 210 ; lead covered, 
240; lights, 412; pyramid, 
245; turret, 246, 258-5; zinc 
covered, 240. 

Roof truss, collar lieam, 210; 
framed, 216-20; (Jothio, 242-5; 
lianimcr Ixiam, 245 ; king 
221 ; lattice or bow-string, 
241 ; Mansard, 242 ; queen 
post, 225-S. 

Rosewood, 10. 

Rot, dry, 10, 195. 

Rough carriages, 444-5. 

Round-ended stt'p, 482, 442-8. 

Router, 119. 

Rule joint, 188, 374. 

Sapwfxxi, 2. 

Bosh and frame window, 389-06. 

Sash, cramp, 125 ; d(K)rs, 358 ; 
fasteners, 408-0 ; fillister, 119; 
lifts, 408-9 ; pivoted or swing, 
386-8. 

Sashes, 381, 392 ; casement, 
384-6 ; horizontal sliding, .389. 

Saw-kez^ng, 471. 

Saw-set, 

Saw-8hari)ening machine, 142-4. 

Saw-teeth, 112, 141. 

Saws, 111-4; machine, 129-42. 

Scaffold, 274 ; bricklayors*, 276-7 ; 
boards, 277 ; masons’, J2f78. 

Scaffolding ti'estle, 274-5. 

Scalene triangle, 

Scales, 42. 

Scarfed joint, 165, 182. 

Scotch fir, 14. 

Screws, 180. 

Screws, coach, 175, 280. 

Scribed joint, 185. 


Scribing, 184, 3.56, 466. 

Seasoning of timbt^r, 5-8 ; ohomi* 
cal, 12. 

Second seasoning, 7. 

So<«ret dovetail joint, 185. 

Secr«^ nailing, 478. 

Sooret screwing, 370-1, 478. 
Sections, 69-77. 

Sector of a circle, 25. 

Segment of a circle, 24. 

Sequoia pine, 16. 

Set on a saw, 112. 

Set squares, 21. 

Setting out, curve for segmental 
arch, 295 ; d(XJr framing, 463 ; 
panelled framing, 462 ; of 
stairs, 484; rod, 462, 464-5, 
window frames, 465. 

Shakes in iiml)er, 9. 

Sharpening, of saws, 114; of 
planes, 119. 

Shearing stress, 161, 331. 

Shed roof, 228. 

Slieeting, 288. 

Sheet pnes, 285-6. 

Shell bit, 128. 

Shop window, 402-3. 

Shoring, 287^92. 

Shrinkage of timber, 4. 

Shutters, window, 40.5. 

Silver giain, 2, 5, 17. 

Single floor, 193-4. 

Skids, 7. 

Skirting hoards, 478-9. 
Skylights, 412-8. 

Sleeper walls, 195. 

Sliding bevel, 108. 

Sliding window shutters, 406. 
Slip feathers, 356. 

Smoothing plane, 1 16. 

Snipe hill, 177. 

Snow hoards, 240. 

Socketed chisels, 121. 

Soffit hoarding, 2.34. 

Soft wood trees, 4. 

Solid gtx)mctry, 49. 

Solid or cubic measurement, 
100-6. 

Solids, development of, 77-82. 
Sound boarding, 201. 

Spandrel framing, 433, 444. 
Spars, 215. 
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Specific gravity, 342. 

Spectators’ stands, 209-303. 

Sphere, 52. 

Spikes, 178. 

Spirit level, 109. 

Splayed linings, 472-3. 

wSplit bill, 177, 366. 

SjKikeshavc, 119. 

Sprigs, 179. 

Spring hinges, 374. 

Square, 33. 

Square root, 88. 

Staifl>ead, 181. 

Staircase work, 430*59. 

Stairs, doglcggcd, 432, 449-50; 
erection of, &4 ; flight of, 430; 
geometrical, 433, 451, 453-4 ; 
open newel, 432, 449, 451-2; 
well of, 432 ; winder, 432, 
448*9. 

Stirrup iron, 204, 223. 

Stone template, 207. 

Storey roa, 434. 

Straightedge, 108. 

StraiTiing, l^in, 226 ; sill, 226. 

Straps, iron, 175, 

Strength of wooden l)eams, J131 . 

Stress, in buckling chaiii, 312*3 ; 
compression, 331 ; in wall 
braoKet, 313-4 ; shearing, 161, 
331-2; tension, 331, 

Stress and strain, 160, 331, 

Stress diagram,'for loaded bt^ams, 
319-27 ; for roof truss, 326-31. 

Stresses in beams, 160, 331. 

String bfuird, 432-9 ; bracketed, 
432 ; close, 432 ; cut and 
miti^, 432 ; laminated, 440 ; 
staved, 440 ; veneered, 440-2. 

Struts, 163, 221, 282. 

Stnitting, 200. 

Studs, 259. 

Stump tenon joint, 174, 262, 348. 

Superior doors, 362, 369, 

Surface planer, 145. 

Swage saw, 142. 

Swan neck in handrail, 456. 

Swiss bit, 123. 

Sydamore, 18. 

Table or rule joSnt, 188. 

Tacks, 179. 


Tangent, 25. 

Tapering gutter, 234, 236-7. 
Tarring, 11. 

Teak, 17. 


Tee or cross garnet hinges, 371. 

Tee square, 21. 

Teeth, saw, 112, 141. 

Template, margin, 436-7 ; mitre, 
466 ; stone, 207. 

Tenon saw, 113. 

Tenoning machine, 150. 

I'ension stress, 331. 

Teredo navalis, 10. 

Tei*mites, 11. 

I’esting tools, 108. 

TetrahtMlron, 52. 

Thicknessing machine, 146. 

Thumb gauge. lOJ). 

Timl^er, crossgrained. 9 ; defects 
of, 8 ; methods of calculating, 
100 ; preservation of, 1 1 ; 
Mf^asoiiing of, 5, 6 ; shrinkage 
of, 4 ; varieties of, 1 3. 

Timbc‘ring of, excavations, 285 ; 
trenches, 282-4. 

Tf)ols, 107-28; boring, 122-4; 
cutting, 111-21 ; testing, 108- 


Tiiriis moulding, 182. 

Tmccs of a plane, 62. 

Trammel pins, 109. 

I'rapezoid, 33. 

Trapezium, 33. 

Traveller, 280. 

Tread and riser, joint between, 
437 ; proportions of, 433-4. 
Trees, 1, 4. 

Trenails, 177, 271. 

Triangle of forces, 311, 
I'rianglcs, 28 ; area of, 91. 
Trimmer, 197. 

Trimmer arch, 197-9. 

Trimming of floor joists, 197. 
Trimming of ro()fs, 240. 
Trueing-ti)> of material, 461. 
Truss, (jomposite, 229-31 ; Gothic, 
242-5; hammer beam, 245; 
king-post, 221 ; latticed or 
bow-string, 241 ; Mansard, 242 ; 
queen-post, 225-28. 

Trussed giniors, 162. 

Trying i)lahe, 116. 
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Try square, 108. 

Turi*et I’oofs, 345, 2t>3'5. 

Tusk tenon joint, 171, 198, 204. 
Twisted fibres, 9, 

Units, British and metric, 86. 
Units of length, 85. 

Upsets, 10. 

Valley rafter, 216, 246. 
Vai-icties of timber, 13. 
Veneered string, 440-2. 
Venetian window, 396-7. 
Vortical log frame saw, 129-31. 
Vertical spindle, 148. 

Vertic al trace, 62. 

Vestiljule doors, 300, 365, 367. 

Waling pieces, 283. 

Wall piece, 288. 

Wall plates, 195-6, 215 
Walls, sltuqier, 195. 

Walnut, 18. 

Water seasoning, 8, 

Wedging, 176; folding, 212, 293 
fox, 172. 

Well of stairs, 432. 

Wot rcjt, 10. 

White deal, 14, 211, 

Winder stairs, 432, 448-9. 


Winders, 430. 

Winding strips, 108. 

Window, fastenings, 407 ; liningSi 
402 ; shutters, 405-6. 

Window frames, dxing of, 402. 

Wii5idow8, 381-411 ; l)ay, 399- 
401 ; easement, .384-6 ; dormer, 
418-20; sash and frame, 389- 
96 ; shop, 402-3 ; setting out 
of, 465 ; Venetian, 396-7. 

Wire nails, 179- 

Wooden, block floors, 209 ; 
centres, 293-9 ; floors, 193- 
214 ; framed buildings, 266 ; 
pins, 176 ; plugs, 178, 366 ; 
rcx)fs, 215-58. 

Wcxxlen beams, strcingtli of, 331. 

WocKl-working niaehiner\'-, 12f). 

Workshop, arrangement of, 460 ; 
practieo, 460. 

Wreathed string, 432, 40. 

Wrought, clasp nails, 179 ; clout 
nails, 179 ; iron girders, 206 ; 
iron straps, 222-4. 

Yellow deal, 14, 211. 

Yellow pine, 15. 

c 

Zinc covered roofs, 240. 
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